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Abstract of DE 19626107 (A1) 

The hair tuft comprises several hair strands, their 
ends held by an insert of thermoplastics adhesive in 
the form of a small leaf (2). When heated, the 
adhesive leaf is flexible so that it can be wrapped 
around the relevant group of human hair to which it 
is to be attached. The leaf can be pre-shaped so 
that it forms a socket for the group of hair strands. 
The leaf can be formed like a partly open book with 
two flaps which are to fold up together. The leaf has 
different melting points on both sides. 
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Besehreibung Da der Einsatz erne gewisse Dicke besitzt, nimmt die 
Warmeubertragung beim SchlieSen des Einsatzes von 

Die Erfindung betrifft ein HaarbOschel gemaB Gat- dessen Innerem bis zur AuBenflache eine gewisse Zeit in 

tungsbegriff des Patentanspruchs 1 fflr die Anwendung Anspruch, so daB der Einsatz dort nur mh Verzdgerung 

durch Friseure. 3 erweicht uad eine Verunreinigung des Anbringungsin- 

En derartiges Haarbilschel ist durch das sOdafrikani- stnunents auf diese Weise unterbleibt Zudem aber 

sche Patent 93/5214 (Gold) in einer Form bekannt, bei kann der Einsatz so ausgebildet werden, daB er auflen- 

der die Haare durch Verankerung ihrer einen Enden in sehig einen hdheren Schmelzpunkt all innenseitig be- 

eincm Rohrchen aus schmelzfahigem thermoplasti- sitzt 

schem Kleber zusammengahalten sind, der in geschmol- t0 Nachfolgend werden einige Ausfuhrungsbeispiele der 

zenem Zustand die Enden der darin eingesetzten Haare Erfindung anhand der Zeichnung genauer beschrieben. 

des Haarbuschels benetzt und in erhartetem Zustand Die einzelnen Figuren hiervon zeigen HaarbOschel nach 

festhalt Das betreffende HaarbOschel ist dazu be- der Erfindung in verschiedenen Ausfuhrungsformen, je- 

stiramt, durch den Friseur in das raenschliche Haar ein- weils in perspektrvischer Ansicht 

gesetztzu werden, indemer den rShrchenfdnnigen Ein- is Das betreffende HaarbOschel ist mitHaaren 1,1a, lb 

sate auf dessen AuBenseite nut einer Gruppe Haare des bzw. lc einer gewOnschten Faroe, Linge und Art her- 

Haares in Verbindung bringt, den thermoplastischen stellbar, beispielsweise glatten, gewellten oder gekrau- 

Kleber mittels eines Anbringungsinstruments bis zum selten Haaren, wie sie auf dem Markt erhaltlich sind. Die 

Erweichen erhitzt und sodann den Kleber erharten laBt, einseitigen Enden dieser Haare sind durch einen Einsatz 

so daB die betreff enden Haare in den wieder erharteten 20 aus einem transparenten oder auch pigmentierten Kle- 

Kleber eingebunden und darin festgehalten werden. E- ber, beispielsweise Polyamid-, Polyester-, Polyurethan- 

ne solche Ausfflhrung weist jedoch einige Nachteile auf. oder Polyethylen-Kleber, gehalten, welcher die Form 

So haftet der thermoplastische Einsatz lediglich an den eines Blattchens besitzt, das ah solches ura eine Gruppe 

luBeren Haaren des Haarbuschels zufriedenstellend an, Haare des menschlichen Haares herumgelegt werden 

wihrend die Gefahr besteht, daB die zentralen Haare 2s kann. 

verlorengehen. Sodann besteht die Gefahr, daB der Ein- GemaB Fig. 2 und 3 kann der Einsatz nach Art eines 

satz aufgrund seiner aufieren Anbindung an die vom teihveisc aufgeschlagenen Buches zwei gegeneinander- 

Friseur for die Anbringung des Einsatzes rait der Hand faltbare Flflgel 4 und 5 bzw. 40 und 50 aufweisen, die 

ausgewahke Gruppe Haare des Haares an dieser Haar- flber eine Falzlinie 3 bzw. 30 mheinander in Verbindung 

gruppe ungleichmifiig angebracht wird, was zu einem 30 stehen, urn ein Einlegen der Haare des menschlichen 

mangelhaften Ergcbnis auch in bezug auf das Hangen Haares in den Einsatz zu ermoghchen. Andererseits 

des Haares fohrt DarOber hinaus ist die Anbringung kann der Einsatz, 2c, nach Fig. 4 auch einfach vorgebo- 

zeitraubend. Aufgrund von Unterschieden in der Menge gen sein, um eine Art Rinne fur die Aufnahme einer 

des Einsatzmaterials kann die Arbeit ungleichmiBig Gruppe Haare des menschlichen Haares zubilden. 

werden, und schlieBiich ist seitens des Friseurs Geschkk 35 In der vorliegenden Besehreibung bedeutet "innen" 

dafttr erforderlich, die jeweils richtige Anzahl Haare des sine Sehe des Einsatzes, die beim SchlieSen desselben 

Haares zu fraden fur die Einbeziehung in die Operation. um die betreffende Haargruppe innenseitig liegt, wah- 

Aufgabc der Erfindung ist es, derartige Mangel aus- rend "auBen" die dann auftretende AuBenseite des Ein- 



Dies ist gemaB Anspruch 1 dadurch erreicht, daB der 40 GemaB Fig. 3 und 4 ist der Einsatz jeweils aus zwei 
thermoplastische Klebereinsatz anstelle rdhrenfflrmi- Schichten 2C und 20" bzw. 200' und 200" gebildet, wo- 
ger Gestalt die Form eines Blattchens besitzt, welches bei die auBenliegende Schicht 20' bzw. 20C einen hdhe- 
ura eine Gruppe von Haaren des menschlichen Haares ren Schmelzpunkt als die innenliegende Schicht 20" 
herumgelegt werden kann. Auch werden die Haare des bzw. 200" besitzt 

Haarbuschels aUesamt rait ihren Enden in dem blatt- 45 Bei dem betreffenden HaarbOschel sind samtliche 
chenformigen Einsatz festgehalten. Haare desselben in den Einsatz eingebettet, wodurch sie 

Bei der Anbringung nimmt der Friseur den blittchen- alle gleichermaBen festgehalten werden. Auf diese Wei- 
formigen Einsatz, wahit eine Gruppe Haare des Haares se konnen keine Haare des Haarbuschels verlorenge- 
aus, legt sie auf das Blattchen und schlieBt das Blittchen hen. Bei der Anbringung des Haarbuschels werden die 
darum herum unter Warmeanwendung mittels eines 50 dafOr ausgewihlten Haare des menschlichen Haares in 
entsprechenden Instruments, um den Kleber zu erwei- das Innere des Einsatzes eingelegt. Auf diese Weise fin- 
chen, worauf er inn wieder erharten laBt det der Friseur von alleine die richtige Menge Haare des 

Das betreffende HaarbOschel besitzt den Vorteil, daB Haares fur die Anbringung des Haarbflscbels, und dar- 
keine Haare desselben verlorengehen kdnnen, daB die fiber hinaus wird die Anbringung zwangsweise vollkom- 
Arbeit zwangslaufig gleichfdrmig ausfallt, daB die An- a men gleichfdrmig und homogen. Zudem kann sie auf 
bringung weniger Zeit in Anspruch nimmt und daB der einwandfreie Weise verhaltmsmaBig rasch und leicht 
Friseur fur die Anbringung des Haarbfischeis sogieich erfolgen, wozu der thermoplastische Einsatz von innen 
die geeignete Anzahl Haare des Haares finder her gleichmaBig erweicht wird. 

Die Unteransprflche geben vorteilhafte Ausgestal- 
tungsmoglichkeiten an. So ist es zweckmaBig, den Ein- so Patentansprfiche 
sate teihveise gekrummt oder gebogen auszubflden, was 

die Einbringung der Haare des Haares in den Einsatz 1. HaarbOschel, bet dem die Enden der betreffenden 

seitens des Friseurs wie auch das Schlieflen des Einsat- Haare (1 ; la; lb; lc) durch einen Einsatz aus einem 

zes wesentlich erleichtert Dies wiederum hat auch eine thermoplastischen Kleber gehalten sind, zur Ver- 

Verkurzung der Anlernzeit far das mit der Anbringung es wendung ab Mittel zur Verlangerung und Verstar- 
derartiger HaarbOschel zu befassende Personal zur Fol- kung oder Verdichtung des menschlichen Haares 

ge, ohne daB die Gefahr besteht, daB fehlerhafte oder durch Anbringung des Emsatzes an einer Gruppe 

Haare des menschlichen Haares unter Erhitzen des 
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Ensatzes bis zum Erweichen, ura ihn mit den be- 
treffenden Haaren zu verbinden, und am chfi efien - 
des Erhlrten lasscn, dadurch ge kamrceif hart, dafl 
dtr Einsatt die Gestalt ernes Blittehens (2; 2a; 2b; 
2c) besitzt, das durch das Erhitzen in emer Weiss 5 
biegsam ist, dafl es um die betreffende Gruppe 
Haare des menschhchen Haares heruragelegt und 
geschlossen werden kanc 
Z Haarbusehei nach Anspruch 1, dadurch gekenn- 
zeichnet, daS das BUttcben (2a; 2b; 2c) in einer 10 
Weise vorg ebogen ist, dafl es erne Kehlung far die 
Aufnahme der betreffenden Gruppe Haare des 
menschlichen Haares bildet 

3. Haarbfischel nach Anspruch % dadurch gekenn- 
zekhnet, daS das Bttttchen (2a; 2b) die Gestalt ei- 15 
nes teSweise auf geschlagenen Buches mit zwei ge- 
genemanderfclappbaren Flugeln (4, 5; 40, 50) be- 

4. Haarbflschel nach emem der vorhergehenden 
AnsprQche, dadurch gekennzeichnet, dafl das Blitt- 20 
chen (2b; 2c) auf bekten Seiten unterschiedliche 
Schmeizpunkte aufweist 

5. Haarbusehei nach Anspruch 4, dadurch gekenn- 
zeichnet dafl das Biattchen (2b; 2c) aus zwei mitein- 
ander verbundenen Schichten (20', 20"; 20C, 200") » 
mit unterschiedlichen Schmeizpuokten besteht 
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METHOD OF LENGTHENING AND THICKENING HUMAN HAIR 

This invention relates to a method of lengthening 
and thickening human hair and also to tufts of hair 
5 which have been specially prepared for use in said 
method . 

I am the inventor of a method of lengthening and 
thickening human hair which comprises applying to the 
end of a tuft of hair of desired length, colour and 

10 thickness, a molten thermoplastic adhesive so that one 
end of all of the hairs in the tuft are wetted by the 
molten adhesive, causing or allowing the adhesive to 
harden so as to secure all of the hairs of the tuft 
together, and thereafter heating the adhesive to a 

15 softened condition and, whilst in the softened 

condition, contacting the end of the tuft of hair 
containing the softened adhesive with hair on the 
scalp to which the tuft is to be attached and causing 
or allowing the adhesive to set so that the tuft is 

20 secured to the hair on the scalp. 

The above method has proved to be very successful 
commercially in lengthening and thickening human hair 
and has proved to be superior in several respects to 
previous proposals for human hair lengthening and 

25 thickening. 

Prior to my original invention various methods 
were already known for artificially lengthening and/or 
thickening human hair. For example it was known to 
attach synthetic hair by various methods to natural 

30 hair growing on a human head. This method however has 
problems, including in particular problems associated 
with the production of static electricity and the fact 
that artificial hair neither looks like natural human 
hair nor behaves like natural human hair. Also, 

35 artificial hair fibres tend to fray and also to 

discolour after a while; will not hold a permanent 



wave for long; and also causes allergic reactions to 
some people. 

Plaiting or weaving of human hair is also known. 
However this method is also unsatisfactory, primarily 
5 because the method of attachment of the hair tends to 
loosen and unfasten over a period of time and 
therefore this cannot be considered to be a 
satisfactory permanent method. 

A method is also known in which hair is bonded to 

10 existing growing human hair by a hot melt adhesive. 
This method involves a technique of taking tufts of 
human hair of a colour compatible with the hair to 
which the tuft is to be joined, applying a hot melt 
adhesive in a molten condition to the tuft of hair, 

15 for example by means of a glue gun or brush, and 
joining the tuft to the existing hair before the 
adhesive hardens. The adhesive usually comprises a 
polyester resin, a wax and a pigment. However, there 
are several significant problems involved in using 

20 this technique and the results are seldom 

satisfactory. Among the difficulties which may be 
mentioned are the problem of matching the colour of 
the adhesive to the colour of the hair. The chemical 
nature of the adhesive is incompatible with human hair 

25 which itself releases natural oils which tend to 

soften the adhesive. The use of hair conditioners 
also tends to soften the adhesive and the attached 
hair therefore tends to fall out. The short space of 
time before the adhesive hardens tends to cause the 

30 procedure to be rushed, with a consequence that 

usually not all of the hairs in the tufts are properly 
treated with the adhesive and therefore not properly 
subsequently secured and the hair therefore tends to 
fall out from this cause also. The necessity of 

35 keeping a container of molten adhesive in the salon or 
treatment room during the procedure is also 



undesirable due to the resulting unpleasant smell of 
the molten adhesive. Additionally, the reversal of 
the hair thickening and extending process, as with all 
prior art processes, is difficult and usually causes 
5 damage to the existing hair. 

A problem with most if not all of the above prior 
methods of thickening and lengthening hair has also 
been the size and non-uniformity of the knots or 
joints between the growing hair and the strands or 

10 tufts of hair which have been joined to the growing 

hair. The wearer tends to be conscious of these knots 
or joints and they may cause serious discomfort to the 
wearer, for example when lying in bed. 

US-A-4 982 748 describes a method of lengthening 

15 hair which comprises intertwining or braiding 

filaments of synthetic hair to sections of natural 
hair followed by wrapping the braided portion with a 
portion of synthetic hair, applying a thermosettable 
material of thermosetting resin and then heating to 

20 permanently bond the wrapped portion. It will be seen 
that this method embodies many of the disadvantages of 
prior art methods, for example the use of synthetic 
hair; the production of large knots in the hair of 
which the wearer is conscious and which are often 

25 visible, particularly in fine hair; the permanent 

adhesive used makes reversal of the process difficult 
and damage to the hair is inevitable; the process is a 
complicated one, requiring more than one pair of hands 
to perform and therefore at least two operatives; and 

30 no prior preparation of the hair is carried out which 
leads to the method tending to be rushed and the 
results are not uniform. 

AU-A-55192/90 describes a tool for joining 
synthetic hair fibres to natural hair by directly 

35 fusing the synthetic hair fibres to natural hair by 
application of heat. The use of synthetic fibres as 



Hair extensions has the disadvantages already 
described. Additionally, however in order to give a 
sufficiently strong bond the strands of human and 
artificial hair must be wrapped around each other 
5 before heat and pressure are applied (otherwise the 

synthetic hair readily loosens and falls out) thus, in 
effect, giving knots and lumps. As with all prior art 
methods which use braiding or knots it is difficult 
for the wearer to properly clean the hair because 

10 grease and dirt become embedded in the interstices of 
the knots and the grease and dirt are not easily 
removed by ordinary shampooing. The knots therefore 
become a potential source of hair and scalp disorders 
due to lack of proper hygiene. The process of 

15 AU-A-55192/90, like other prior art bonding processes 
is also essentially a one stage process which does not 
permit adequate preparation to produce uniform results. 

US-A-4 934 387 describes a method of attaching 
supplemental lengths of hair to natural growing hair 

20 using coloured thermoplastic glue which involves 

intertwining warm adhered natural or supplemental hair 
together. This method also has several of the 
disadvantages of the prior art methods previously 
discussed, including the fact that the method is 

25 essentially a one stage method without prior 

preparation of the strands to be attached to the 
natural hair; the method involves a hot glue gun in 
close proximity to the human scalp with the obvious 
attendant dangers; two operators rather than one are 

30 generally needed to perform the method; the number of 
strands of hair used together with the size of the 
mass of glue administered by the glue gun and also the 
lack of effective metering means that significantly 
sized irregular knots will be produced in the hair 

3 5 with all of the attendant problems as explained 
hereinbefore. 



hair extensions has the disadvantages already 
described. Additionally, however in order to give a 
sufficiently strong bond the strands of human and 
artificial hair must be wrapped around each other 
5 before heat and pressure are applied (otherwise the 

synthetic hair readily loosens and falls out) thus, in 
effect, giving knots and lumps. As with all prior art 
methods which use braiding or knots it is difficult 
for the wearer to properly clean the hair because 

10 grease and dirt become embedded in the interstices of 
the knots and the grease and dirt are not easily 
removed by ordinary shampooing. The knots therefore 
become a potential source of hair and scalp disorders 
due to lack of proper hygiene. The process of 

15 AU-A-55192/90, like other prior art bonding processes 
is also essentially a one stage process which does not 
permit adeguate preparation to produce uniform results. 

US-A-4 93 4 387 describes a method of attaching 
supplemental lengths of hair to natural growing hair 

2 0 using coloured thermoplastic glue which involves 

intertwining warm adhered natural or supplemental hair 
together. This method also has several of the 
disadvantages of the prior art methods previously 
discussed, including the fact that the method is 

25 essentially a one stage method without prior 

preparation of the strands to be attached to the 
natural hair; the method involves a hot glue gun in 
close proximity to the human scalp with the obvious 
attendant dangers; two operators rather than one are 

30 generally needed to perform the method; the number of 
strands of hair used together with the size of the 
mass of glue administered by the glue gun and also the 
lack of effective metering means that significantly 
sized irregular knots will be produced in the hair 

35 with all of the attendant problems as explained 
hereinbefore. 



I have now discovered certain improvements in my 
above-described method which give even better results 
and have significant advantages even over my 
above-mentioned method. 
5 Firstly, I have discovered that by applying in a 

certain manner the thermoplastic adhesive to the end 
of a tuft of hair which is to be joined to human hair, 
the potential disadvantages of having a small blob of 
adhesive at the join between the tuft and the hair on 

10 the human scalp are further reduced, and in particular 
the joins between the tufts and the growing hair are 
even less conspicuous, both from the point of view of 
a person looking at the head of hair and also from the 
point of view of sensory perception by the person 

15 whose hair has been extended. In essence therefore 
the aforesaid improvement which I have discovered 
enables a result to be obtained which even more 
closely resembles natural hair than by my original 
inventive method. 

20 Additionally, I have also discovered a new method 

of applying the adhesive which enables the treated 
tufts to be made in a manner which is more uniformly 
reproducible and also in less time than the previous 
manual method, and requiring less skill on the part of 

25 the operative in producing the bonded tufts. 

According to the present invention there is 
provided a method of lengthening and thickening human 
hair which method comprises applying to the end of a 
tuft of hair of the desired length, colour and 

30 thickness, a molten thermoplastic adhesive so that one 
end of all of the hairs in the tuft are wetted by the 
molten adhesive and causing or allowing the adhesive 
to harden so as to secure all of the hairs of the tuft 
together, the adhesive being shaped approximately into 

35 a cylindrical or other longitudinal shape about the 
end of the tuft of hair, and thereafter heating the 



adhesive to a softened condition and, whilst in the 
softened condition, contacting the end of the tuft of 
hair containing the softened adhesive with hair on the 
scalp to which the tuft is to be attached and causing 
5 or allowing the adhesive to set so that the tuft is 
secured to the hair on the scalp. 

Where the term "thereafter" is used in the 
foregoing definition of my invention it should be 
understood that although the subsequent step of 

10 heating and applying the treated tuft of hair to the 
hair of the person whose hair is being extended, may 
take place shortly after the treated tuft has been 
made, in practice it is one of the important aspects 
of the invention that the treated tufts may be used a 

15 long time later and perhaps even in a different 

country! That is, the present invention enables, in 
effect, tailor-made treated tufts to be pre-prepared 
and kept in stock in, for example, various lengths, 
colours and thicknesses (i.e. number of filaments per 

2 0 tuft) so that they may be supplied to order by salons 

and individuals who are authorised to use my 
invention, perhaps, for example, after individual 
assessment of a particular customer's hair extension 
needs. Thus, for a particular customer it may be 

25 necessary to use fine tufts near the natural hairline 
whilst using thicker, and perhaps longer, tufts 
further from the hairline in a graduated manner so as 
to produce a natural effect or a particular hair 
style. Thus, for example, very fine tufts of say 15 

30 to 20 hair filaments might be used near the hairline 
whereas thicker tufts of perhaps 200 hair filaments 
might be used further away from the hairline. It will 
be apparent that the hitherto-known methods of hair 
extension do not permit such precision, in particular 

3 5 because the joins according to the known methods are 

too large to be used close to the hairline because 



they are too conspicuous. 

The actual size and amount of dose of adhesive 
applied to the tuft will of course depend on the tuft 
size in terms of the number and thickness of hair 
5 filaments forming the tuft and any other factor which 
may need to be taken into account in performing my 
hair lengthening method as defined above. It will 
also be appreciated that the scope of the present 
invention extends to tufts of hair which have been 

10 created by the method of the present invention when 

used in my method of hair extending as defined above. 

Also provided by the present invention is a 
method of producing tufts of hair having secured 
thereto a portion of a thermoplastic adhesive which 

15 method comprises inserting one end of a tuft of hair 
into a mould of a plastics injection moulding machine 
and injecting a molten thermoplastic adhesive into the 
mould so as to form a longitudinally shaped mass of 
adhesive on the tuft of hair and thereafter removing 

20 the tuft from the mould with the solidified adhesive 
formed thereon binding the individual hairs of the 
tuft together, and optionally trimming any hair 
filaments which protrude from the bonded end of the 
tuft. 

2 5 It should also be understood that the present 

invention includes within its scope a tuft of human 
hair in which one end of each of the hair filaments 
comprising the tuft are secured together by a 
longitudinally shaped mass of thermoplastic adhesive 

30 formed about the tuft of hair. 

The tuft of hair which is used in the method of 
the present invention may be a tuft of synthetic or 
artificial hair. However, it is preferred that human 
hair is used. • Supplies of human hair having a variety 

35 of colours, lengths and textures, for example straight 
or curled, are readily available. 



The tuft is typically made up of from about 15 to 
about 20 individual hairs per tuft, but the number may 
vary outside this range if desired, for example if a 
particularly "full" head of hair is sought. 
5 It is a particularly preferred aspect of the 

present invention that the thermoplastic adhesive used 
in the method comprises a polyamide or a blend of 
polyamides having a suitable melting temperature and 
viscosity. 

10 The use of polyamide thermoplastic adhesives has 

the particular advantage that the chemical composition 
af the adhesive is similar to that of human hair which 
is proteinaceous and contains amide linkages, like 
those of polyamide resins. The adhesive is therefore 

15 less susceptible to the problems inherent in using 

adhesives which are of a different chemical nature to 
those of human hair. However, it will be appreciated 
that the method of the present invention can be used 
with considerable advantage when using thermoplastic 

20 adhesives other than those comprising polyamides, the 
results being significantly better than those using 
the prior art methods, although inferior to the 
results when using adhesives comprising polyamides. 

The particular polyamide resins which can be used 

25 as, or in, the polyamide adhesives used in the method 
of this invention may be selected, for example, from 
nylon 6 (polycaprolactam) , nylon 6/6 (poly (hexamethy- 
lene adipamide) ) , nylon 6/10 (the condensation product 
of sebacic acid and hexamethylene diamine) and nylon 

30 12 (polylaurilactam) . Various polyamides may be 

blended, as desired, in order to achieve particular 
desired melting points and/or viscosities. Thus a 
preferred blend of polyamides used by the Applicant 
comprises a blend of three polyamides supplied by the 

35 firm Chemische Fabrik Tubingen R. Beitlich GmbH & Co. 
of Tubigen, Germany, having the trade names "TUBITRANS 
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MELT F", "TRANSLAC MELT 500" and "TUBITRANS MELT". A 
suitable adhesive composition comprising these 
polyamide components has approximately 50%, 25% and 
25% by weight, respectively of the three components. 
5 However, the proportions of, and the selection of, the 
components may be varied. In the specific combination 
mentioned above, for example, the first component 
might be present, for example, in the range of 3 0 to 
70% by weight and the second and third components 

10 together might be present in a proportion of 30% to 
70% total by weight. 

The physical properties of the thermoplastic 
adhesive, in particular the melting point, need to be 
considered in relation to the method. Thus, the 

15 desirable melting point range will generally be 

between about 80 and about 130°C although it may be 
outside this range. A sharp melting point is 
preferred. The viscosity of the melted adhesive must 
also be such that it will readily adhere to the hair 

20 ends of the tuft. It will be appreciated that the 

melting point of the adhesive should be sufficiently 
high that the wearer of the extended and thickened 
hair is able to treat his or her hair as normally as 
possible, for example shampooing, applying 

25 conditioners, and blow drying the hair, without risk 
of the extended and thickened hair becoming detached 
due to the thermoplastic adhesive being softened or 
melted. 

The use of a polyamide adhesive also has the 
30 advantage that the adhesive is substantially 

colourless, and therefore tends to be invisible to the 
eye in a head of hair resulting from the method of the 
invention, unlike, for example, pigmented polyester 
resins. The advantage of the method of the present 
35 invention in the use of a polyamide-based adhesive 
that it is virtually invisible once applied and also 
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has a similar chemical nature to hair itself is as if 
the tuft of extended and thickened hair is joined to 
the existing hair by a kind of liquid hair. 

The two stage method of applying the hair 
5 adhesive which the Applicant has discovered enables 
many of the disadvantages of prior art methods to be 
overcome. Thus, the tufts of hair to be secured to 
the head of existing hair can be carefully prepared 
beforehand so that they are precisely tailored to 

10 requirements. Care can be taken to ensure that the 

lengths of the individual hairs forming the tufts are 
exactly of the length required or are graded in 
accordance with requirements. The application of the 
adhesive can be carried out some considerable time 

15 before the second overall step of the method, namely 
the attachment of the tufts to the human head and can 
be done, for example, in a separate room to avoid any 
unpleasant smells resulting from the adhesive being 
melted in bulk. 

20 The tufts can be gathered and cut at one end so 

that the ends of all of the hairs comprising the tuft 
are in line and can be uniformly treated with 
adhesive, for example by applying a measured dose of a 
molten adhesive from an extrusion or glue gun. The 

25 diameter of the extrusion orifice of the extrusion 
device may be typically about 1 mm. Desirably the 
means for dispensing the adhesive on to the end of the 
tuft of hair should be such that a discrete small 
globule of adhesive of uniform size is applied to each 

30 tuft so that the joints between each tuft and the 

growing hair are both uniform and small, that is, the 
minimum amount of adhesive is used whilst ensuring 
that every strand of hair in the tuft is treated with 
adhesive. The tuft may thereafter be hung up to 

35 permit the adhesive to set. Alternatively, for 

example, forced cooling may be employed, for example 
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by using a hair blower. Thereafter, the prepared 
tufts may be arranged so that they are ready for use 
in attachment to the human head by the method of the 
invention. 

5 The method used to reheat the adhesive at the end 

of each tuft in order to secure it to hair on the head 
is not critical. The heat to be applied needs to be 
merely that sufficient to melt the adhesive whilst the 
tuft is joined to the existing hair. Thus, a hot 

10 pencil or any other suitable implement may be employed 
and the adhesive may be allowed to cool in order to 
set it, or, forced cooling may be employed, for 
example by means of a hair blow dryer with the heater 
element switched off. 

15 In view of the fact that in the method of the 

present invention the ends of all of the hairs making 
up the tuft of hair to be secured are treated with 
adhesive the present invention does not suffer from 
the particular problem associated with the prior art 

2 0 adhesive method, namely the lack of guarantee that all 
of the hairs are treated with adhesive, with the 
consequence of subsequent hair fallout. Additionally, 
since all of the joints between the tufts of extended 
and thickened hair and the existing hair are small and 

25 uniform the wearer will not be so conscious, if at 

all, of the means by which his or her hair extensions 
have been achieved, as compared with other known 
methods, and having gone to great lengths to obtain 
his or her hair extension and thickening will be very 

30 satisfied with the results. 

As has been mentioned previously an essential 
aspect of the present invention is the shaping of the 
thermoplastic adhesive into a longitudinal shape about 
the tuft of hair which is to be attached to the 

35 growing hair. This shaping step may be performed at 
least in part by rolling the adhesive between the 
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fingers and thumb about the tuft of hair. 
Additionally or alternatively however the shaping may 
be performed by injection moulding the adhesive about 
the tuft. The benefits of this shaping operation are 
5 not only that the appearance and feel of the extended 
hair is improved, even over the results obtained by my 
original invention, have also, because the area of 
contact between the adhesive and the hair filaments to 
be joined is increased a significantly stronger bond 
10 is formed between the tuft of hair extension hair and 
the growing hair on the person whose hair is to be 
extended . 

It should be understood also that since the use 
of injection moulding of thermoplastic materials has 

15 not previously been used in the field of hair 

extension, to the best of my knowledge and belief, I 
also claim as my invention my original inventive 
method whenever it is performed using an injection 
moulding technique for placing the thermoplastic 

20 adhesive at the end of the tuft of extension hair, 
whatever the final shape of the adhesive might be. 
Obviously, however, it is preferred that the adhesive 
is longitudinally shaped because, in this way, as is 
explained above, various advantages derive from this 

25 shaping as explained hereinbefore. 

In the case where an injection moulding method is 
performed it will be understood that my invention 
includes within its scope a method wherein a plurality 
of tufts of hair are inserted into a plurality of 

30 mould recesses of a thermoplastics injection moulding 
machine and a plurality of tufts of hair having 
solidified adhesive formed thereon are thereby 
produced. Also, it will be understood that my 
present invention includes any method of lengthening 

35 and thickening human hair which comprises heating the 
adhesive on such a tuft of hair to a softened 
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condition and, whilst in the softened condition, 
contacting the end of the tuft of hair containing the 
softened adhesive with hair on the human scalp to 
which the tuft is to be attached and causing or 
5 allowing the adhesive to set so that the tuft is 
secured to the hair on the scalp. 

Preferably a plurality of tufts of hair are 
simultaneously subjected to the above method by 
inserting them in a plurality of mould recesses in an 

10 injection moulding machine so as to produce a 

plurality of treated tufts which may or may not be 
linked together by solidified plastic material from 
runners in the mould. If the tufts are so linked 
together then it will of course be necessary at some 

15 stage to break the plastic links between the tufts and 
possibly also to carry out some trimming in order to 
produce treated tufts which are suitable for use in my 
hair lengthening method. 

It will be appreciated that the use of an 

20 injection moulding process as described above, 
particularly where a plurality of uniform sized 
recesses are provided in the injection moulding 
equipment, a uniform product can be made very speedily 
and the size of the mass of adhesive on each tuft of 

25 hair can be very closely controlled. 



35 
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CLAIMS 

1. A method of lengthening and thickening human 
hair which method comprises applying to the end of a 
tuft of hair of the desired length, colour and 
thickness, a molten thermoplastic adhesive so that one 
end of all of the hairs in the tuft are wetted by the 
molten adhesive and causing or allowing the adhesive 
to harden so as to secure all of the hairs of the tuft 
together, the adhesive being shaped approximately into 
a cylindrical or other longitudinal shape about the 
end of the tuft of hair, and thereafter heating the 
adhesive to a softened condition and, whilst in the 
softened condition, contacting the end of the tuft of 
hair containing the softened adhesive with hair on the 
scalp to which the tuft is to be attached and causing 
or allowing the adhesive to set so that the tuft is 
secured to the hair on the scalp. 

2 . A method as claimed in claim 1 wherein the 
thermoplastic adhesive comprises a polyamide or a 
blend of polyamides. 

3. A method as claimed in claim 1 or claim 2 
wherein the adhesive composition is substantially 
transparent and substantially colourless. 

4. A method as claimed in any one of the 
preceding claims wherein a discrete uniform-sized dose 
of adhesive is applied to each tuft. 

5. A method as claimed in any one of the 
preceding claims wherein the shaping of the adhesive 
into a longitudinal shape about the tuft is performed 
at least in part by rolling the adhesive between the 
fingers and thumb. 
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6. A method as claimed in any one of the 
preceding claims wherein the shaping of the adhesive 
into a longitudinal shape about the tuft is performed 
at least in part by injection moulding the adhesive 
about the tuft. 

7 . A method of producing tufts of hair having 
secured thereto a portion of a thermoplastic adhesive 
which method comprises inserting one end of a tuft of 
hair into a mould of a plastics injection moulding 
machine and injecting a molten thermoplastic adhesive 
into the mould so as to form a longitudinally shaped 
mass of adhesive on the tuft of hair and thereafter 
removing the tuft from the mould with the solidified 
adhesive formed thereon binding the individual hairs 
of the tuft together, and optionally trimming any hair 
filaments which protrude from the bonded end of the 
tuft. 

8. A method as claimed in claim 7 wherein a 
plurality of tufts of hair are inserted into a 
plurality of mould recesses of a thermoplastics 
injection moulding machine and a plurality of tufts of 
hair having solidified adhesive formed thereon are 
produced . 

9. A method of lengthening and thickening human 
hair which method comprises heating the adhesive on a 
tuft of hair treated by the method as claimed in claim 
1 or claim 2 to a molten condition and, whilst in the 
molten condition, contacting the end of the tuft of 
hair containing the molten adhesive with hair on a 
human scalp to which the tuft is to be attached and 
causing or allowing the adhesive to set so that the 
tuft is secured to the hair on the scalp. 
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10. A tuft of human hair in which one end of 
each of the hair filaments comprising the tuft are 
secured together by a longitudinally shaped mass of 
thermoplastic adhesive formed about the tuft of hair. 

5 

11. A new method of lengthening and thickening human 
hair, substantially as herein described. 

10 12. A new method of producing tufts of hair having 

a portion of a thermoplastic adhesive adhered thereto, substantially 
as herein described. 

13. A new tuft of human hair, substantially as herein 
15 described. 
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PROCESS FOR THE CARBONYLATION OF A CONJUGATED DIENE AND 
USE OF SUCH PROCESS IN THE PREPARATION OF CAPROLACTAM OR 
ADIPICACID 

The present invention relates to a process for the carbonylation of a 
conjugated diene to an ester product by reaction with carbon monoxide and an alkanol 
in the presence of a metal-based catalyst. 

In such a process for the carbonylation of a conjugated diene, mono 
and di-esters are formed. However, the reaction conditions applied in such a process 
for the carbonylation of a conjugated diene also cause a certain amount of 
polymerization. Thus, a main by-product formed in the carbonylation process is the 
polymer of the conjugated diene used. Depending on the concentration of conjugated 
diene, the reaction conditions applied and the activity of the catalyst used, this 
polymeric by-product can further react with carbon monoxide and alkanol to the ester of 
the formed polymer. The presence of such a polymer of conjugated diene, or the ester 
product thereof, leads to an increased viscosity of the reaction mixture and is 
disadvantageous for the process. 

US-A-5495041 describes a continuous process for the preparation of 
a pentenoate ester by carbonylation of butadiene. In the described process a part of 
the effluent of the reactor is led to a drain (purge) in order to prevent a build up of high 
boiling by-products in a circulating reaction mixture. 

A drain to purge reactor effluent containing the formed polymeric by- 
product, however, is considered to be a very disadvantageous feature. Such a drain 
will contain not only polymeric by-product but also a valuable amount of catalyst. The 
costs involved to make-up for the loss of catalyst, and especially the loss of precious 
metals, are high. There is thus an economic desire to separate used catalyst 
components in a reactor effluent, and especially the metal, from the formed polymeric 
by-product in a reactor effluent. Such a separation would enable the economically 
advantageous re-use of the retrieved catalyst components. 

It has now been found that catalyst components in a reactor effluent, 
and especially the metal, can be separated from the formed polymeric by-product in a 
reactor effluent in an economically advantageous way with help of a solvent. 

Accordingly this invention provides a process for the carbonylation of 
a conjugated diene, comprising reacting the conjugated diene with carbon monoxide 
and an alkanol in the presence of a metal-based catalyst to form an ester, whereby 
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further a polymeric by-product is formed, wherein the polymeric by-product is 
separated from the metal-based catalyst with help of a solvent. 

Thus, the process provides an economically attractive method to 
separate formed polymeric by-product, whilst the loss of valuable catalyst components, 
5 such as the metal, is reduced considerably or even avoided completely. 

The carbonylation reaction can be a mono- or dicarbonylation. If the 
carbonylation reaction is a monocarbonylation, the carbonylation product is a mono- 
ester. When the carbonylation reaction is a dicarbonylation the reaction product is a di- 
ester. 

1 0 The conjugated diene preferably is a conjugated diene having from 4 

to 20, more preferably from 4 to 8 carbon atoms per molecule. By "conjugated diene" is 
understood dienes having at least two double bonds which alternate with single bonds 
such as, for example 1,3-butadiene, 1,3-pentadiene, 1 ,3-hexadiene, 1,3- 
cyclohexadiene, 2,4-heptadiene and 2-methyl-1 ,3-butadiene. Aromatically delocalised 

15 double bonds are excluded from the scope of the present invention. However, the 
aliphatic conjugated dienes can have non-aliphatic groups, such as phenyl groups, 
substituted onto the -C=C-C=C- backbone. Preferably, the conjugated diene is 1 ,3- 
butadiene. 

The carbon monoxide can be used in its pure form or diluted with an 
20 inert gas such as nitrogen, carbon dioxide or noble gases such as argon. Small 

amounts of hydrogen can also be present. In general, the presence of more than 5% 
hydrogen is undesirable, since this can cause hydrogenation of the conjugated diene. 

Preferred alkanols in the process of the invention are alkanols with 1 
to 20, more preferably with 1 to 6 carbon atoms per molecule and alkanediols with 2- 
25 20, more preferably 2 to 6 carbon atoms per molecule. The alkanols can be aliphatic, 
cycloaliphatic or aromatic. Suitable alkanols in the process of the invention include 
methanol, ethanol, ethanediol, n-propanol, 1 ,3-propanediol, iso-propanol, butanol, iso- 
butanol, tert.butanol, pentanol, hexanol, cyclohexanol, dodecanol, hexadecanol and 
phenol. Preferably methanol or ethanol is used. 
30 The use of these alkanols or alkanediols as a coreactant in the 

carboxylation process of 1 ,3-butadiene enables the production of alkyl pentenoates 
and alkyl adipates of which the alkyl group contains 1 to 20, more preferably 1 to 6, 
carbon atoms. 

Methanol is an especially preferred alkanol. The use of methanol in 
35 the carbonylation process of 1 ,3-butadiene enables the production of methyl- 

pentenoate (for example methyl-2-pentenoate, methyl-3-pentenoate and/or methyl-4- 
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pentenoate) and/or dimethyl adipate. Dimethyl adipate is an intermediate compound in 
the preparation of adipic acid, an intermediate compound to prepare Nylon 6,6. Methyl- 
pentenoate is an important intermediate in the production process of e-caprolactam. 
For the production of s-caprolactam, methyl-3-pentenoate is preferred. For the 
5 preparation of s-caprolactam, methyl-pentenoate is hydroformylated to methyl 

formylvalerate, which after reductive amination and cyclisation forms s-caprolactam. s- 
Caprolactam is a starting material in the manufacture of Nylon 6 fibres or engineering 
plastics. Hydroformylation, reductive amination and cyclisation can be performed in any 
manner known to a person skilled in the art. Suitable processes are described in WO- 
1 0 A-9733854, WO-A-9835938 and WO-A-9837063. 

The molar ratio of conjugated dienes, in particular 1 ,3-butadiene, and 
alkanol in the liquid phase of the reactor can vary between wide limits and suitably lies 
in the range of 1:0.1 to 1:10, more suitably from 1:1 to 1:6. Generally a molar ratio near 
the lower limit of this range favours the preparation of diesters and a molar ratio near 
1 5 the higher limit of this range favours the preparation of mono-esters. 

Preferably the metal in the metal-based catalyst is a group VIII metal, 
such as for example Pd, Pt, Ni, Rh, Ru, Ir, Co or Fe. Preferred metals are Pd, Pt, Rh 
and Co. Most preferably the metal-based catalyst is a Pd-based catalyst. 

Preferably the metal-based catalyst comprises a source of metal and 
20 a ligand, preferably a bidentate diphosphine ligand. More preferably the catalyst 
comprises in addition a source of anions. 

A particularly preferred metal-based catalyst is a catalyst including 

(i) a source of palladium cations; 

(ii) a bidentate diphospine ligand having the general formula I 
25 X 1 -R-X 2 (I) 

wherein X 1 and X 2 represent a cyclic group with at least 5 ring atoms, of which one is 
a phosphorus atom, and R represents a bivalent organic bridging group, connecting 
both phosphorus atoms; 

(iii) a source of anions. 

30 Suitable sources for palladium cations include its salts, such as for 

example the salts of palladium and sulphuric acid or sulphonic acids; palladium 
complexes, e.g. with carbon monoxide or acetylacetonate, or palladium combined with 
a solid material such as an ion exchanger. Preferably, a salt of palladium and a 
carboxylic acid is used, suitably a carboxylic acid with up to 12 carbon atoms, such as 

35 salts of acetic acid, propionic acid and butanoic acid, or salts of substituted carboxylic 



WO 03/006416 



-4- 



PCT/NL02/00461 



acids such as trichloroacetic acid and trifluoroacetic acid. A very suitable source is 
palladium(ll) acetate. 

In the general formula I for component ii) of the catalyst system, R 
preferably represents a bivalent organic bridging group containing from 1 to 6, 
preferably containing from 2 to 6, more preferably from 2 to 4, and most preferably 2 to 
3 atoms in the bridge. By "a bridge" is understood the shortest connection between 
both phosphorus atoms. Preferably, the organic bridging group R represents an 
alkylene group, but it can also comprise a carbon chain, interrupted by one or more 
hetero atoms, such as nitrogen, sulphur, silicon or oxygen atom. Most preferably the 
bridging group R contains 2 or 3 carbon atoms in the bridge. The bridge can be 
substituted or non-substituted or can form part of an aliphatic or aromatic ring structure. 

Preferably the bridging group is a substituted alkylene group with at 
least one substituent and more preferably at least two substituents. Preferably the 
alkylene group is substituted with two to four substituents and more preferably with two 
to three substituents. Most preferably the alkylene group is substituted with two 
substituents. 

The substituents can be substituted to any part of the bivalent 
bridging group R. In an advantageous embodiment, the substituents are substituted at 
carbon atoms connected to the phosphorus atoms. In case the substituents are 
substituted at the carbon atoms connected to the phosphorus atoms, the bidentate 
ligand can have chiral C-atoms and have a R,R, S,S or R,S (meso) form. 

The substituents can contain carbon atoms and/or hetero atoms, 
such as halides, sulphur, phosphor, oxygen and nitrogen. Preferably the substituents 
are hydrocarbyl groups. The hydrocarbyl groups itself can be aromatic, aliphatic or 
cycloaliphatic and can contain carbon atoms and hetero atoms. The hydrocarbyl 
groups include straight-chain or branched saturated or non-saturated carbon containing 
groups. 

Preferred hydrocarbyl groups are alkyl groups, preferably having from 
1 to 10 carbon atoms, more preferably from 1 to 4 carbon atoms. Linear, branched or 
cyclic alkyl groups can be used. Suitable alkyl groups include, methyl, ethyl, propyl, iso- 
propyl, butyl and iso-butyl. Most suitably methyl groups are used. 

Most preferably the bivalent bridging group R is an alkylene group 
which is di-substituted, preferably with two alkyl groups, most preferably with two 
methyl groups. 

X 1 and X 2 represent a substituted or non-substituted cyclic group 
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with at least 5 ring atoms, of which one is a phosphorus atom, and preferably with from 
6 to 10 ring atoms. X 1 and X 2 can represent both the same or each a different cyclic 
group. Preferably X 1 and X 2 both represent the same cyclic group. More preferably X 1 
and X 2 represent a substituted or non-substituted cyclic group with 9 ring atoms, of 
5 which one is a phosphorus atom. By "a cyclic group" is understood a monocyclic or 
polycyclic group. Preferred cyclic groups are bicyclic groups. Particularly preferred is a 
substituted or non-substituted bicyclononyl group wherein one carbon atom is replaced 
by the phosphorus atom, i.e. a 9-phosphabicyclononyl group. The 
9-phosphabicyclononyl group can have several isomeric structures. For the purpose of 
10 the invention the [3,3,1] and [4,2,1] isomers are preferred. Most suitably X 1 and X 2 are 
substituted or non-substituted [3,3,1] or [4,2,1] 9-phosphabicyclononyl groups. The two 
9-phosphabicyclononyl groups can have both the same or each a different isomeric 
structure. 

One or both of the phosphabicyclononyl rings can be substituted with 
1 5 one or more suitable hydrocarbyl groups containing carbon atoms and/or hetero atoms. 
If a phosphabicyclononyl ring is substituted it is preferably substituted with one or more 
alkyl groups, preferably having from 1 to 10 carbon atoms, more preferably from 1 to 4 
carbon atoms. 

Suitable bidentate ligands of formula (I) thus include isomers of for 
20 example 1,2-P,P'bis(9-phosphabicyclononyl)ethane; 

1 ,3-P,P'bis(9-phosphabicyclononyl)propane; 1 ,3-P,P'bis(2,6- 

dimethyl,9-phosphabicyclononyl)propane; 2,3-P,P'bis(2,6- 

dimethyl,9-phosphabicyclononyl)butane; 2,3-P,P'bis(9-phosphabicyclononyl)butane; 

2,3-P,P'bis(9-phosphabicyclononyl)pentane; 1 ,2-P,P'bis(9- 
25 phosphabicyclononyl)propane; 1,2-P,P'bis(9-phosphabicyclononyl)butane; 3,4- 

P,P'bis(9-phosphabicyclononyl)hexane; and mixtures thereof. Isomers of 2,3-P,P'bis 

(9-phosphabicyclononyl)butane are preferred. 

The ligands can for example suitably be prepared by reacting 

P-cyclo-octylene hydride (e.g. phosphabicyclononane hydride) and butyllithium to 
30 generate a lithium cyclo-octylene phosphide (lithiated phosphabicylononane). The latter 

phosphide is reacted with an aliphatic group substituted with suitable leaving groups, 

preferably tosylates or cyclic sulfates, in an appropriate manner. The P-cyclo-octylene 

hydride can conveniently be prepared as described by Eisner et al. (Chem. Abstr. 

1978, vol. 89, 180154X). 
35 The ratio of moles of bidentate ligand per mole atom of palladium 
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preferably ranges from 0.5 to 10, more preferably from 1 to 2 and most preferably the 
ratio is equimolar. 

The source of anions of component (iii) is preferably an acid. A wide 
range of acids can be used, including mineral acids, such as sulphuric acid, nitric acid 
and phosphoric acid, and organic acids, such as acetylacetonic acids, sulphonic acids, 
carboxylic acids and halogenated carboxylic acids such as trifluoroacetic acid. 
Preferably, a carboxylic acid is used. When a carboxylic acid, is used, preferably an 
acid with a pK a value > 1 and more preferably an acid with a pK a in the range from 1 to 
6, in aqueous solution at a temperature of 25 C is used. Exemplary carboxylic acids are 
benzoic acid, acetic acid, valeric acid, butanoic acid, or nonanoic acid. Also acids 
corresponding with the ester (by-)products can be advantageously used in the process 
of the invention. The use of these acids is advantageous because they are readily 
obtainable by hydrolysis of these ester (by-)products. Examples of these acids are 
dicarboxylic acids like for example adipic acid, glutaric acid and fumaric acid; 
monoesters of dicarboxylic acids like for example monoalkyladipate and 
monoalkylmethylglutarate. 

In another preferred embodiment the source of anions is a tertiary 
carboxylic acid, i.e. an acid with the formula (I) 

R 1 - C(R 3 )- C(0)-OH (I) 

I 

R2 

wherein R 1 , R 2 and R 3 independently represent alkyl or aryl groups. Suitably the 
tertiary carboxylic acid used contains a total of from 5 to 20 carbon atoms, more 
preferably from 5 to 15 and most preferably from 8 to 10 carbon atoms. 

Preferably R 1 , R 2 and R 3 are alkyl groups, preferably having from 1 
to 16 carbon atoms, more preferably from 1 to 10 carbon atoms, such as for example 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-propyl, tert-butyl, n-pentyl, n-decyl, 2- 
methyl-octyl, n-dodecyl and n-tetradecyl. 

Suitable tertiary carboxylic acids include for example 2,2-dimethyl 
propanoic acid (pivalic acid), 2,2-dimethyl butanoic acid, 2-methyl-2-ethyl-butanoic 
acid, 2,2-dimethyl-pentanoic acid, 2-methyl-2-ethyl-pentanoic acid, isomers of tertiary 
C-9 acid (i.e. tertiary acids containing a total of 9 carbon atoms), isomers of tertiary C- 
10 acid, and isomers of tertiary C-11 acid. The acids can be gradually esterified during 
the carbonylation process and can be regenerated, if desired, by hydrolysis. 

In another preferred embodiment, the carboxylic acid is the 
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hydrocarboxylation product of the conjugated diene with carbon monoxide and water. 
Such a carboxylic acid is obtainable by carbonylation of the conjugated diene with 
carbon monoxide and water or by hydrolysis of the ester product. For example, if the 
conjugated diene is 1,3-butadiene, component (iii) can conveniently be pentenoic acid. 
5 Pentenoic acid could be prepared in-situ by carbonylation of 1 ,3-butadiene with carbon 
monoxide and water or by hydrolysis of a pentenoate product. 

The quantity of, for instance in-situ prepared, carboxylic acid used in 
the carbonylation reaction can vary within wide ranges. Preferably, the amount of acid 
ranges from 0.1 mole to 1000 mole of acid per mole of palladium cation. 

10 In a preferred embodiment the catalyst system further comprises a 

substoichiometric amount of halide anions, based on the amount of metal cations. The 
presence of such an amount of halide anions is thought to have a significantly 
favourable effect in that the conversion reaction proceeds at high rate, even at 
moderate temperatures. By "substoichiometric" is understood that less halide anions 

1 5 are present than required to neutralise the metal cations, e.g. that the molar ratio of 
dissociated halide anions versus palladium cations is less than 2:1. Preferably the 
source of halide anions is a source of chloride, bromide or iodide anions, and more 
preferably a source of iodide anions is used. In a special preferred embodiment 
hydrogen iodide is used as a source of anions. 

20 The amount of catalyst can vary between wide limits. Preferably, the 

amount of catalyst system is small. For example, the ratio of mole conjugated diene per 
mole of metal suitably lies in the range from 1x10 1 to 1 x10 8 mole conjugated diene per 
mole of metal. 

Preferably the reaction takes place in a solvent in which the metal- 
25 based catalyst is soluble and which enables separation of the polymeric by-product as 
described herein. Although liquid carbonylation product and optionally surplus of 
conjugated diene or alkanol can serve as solvent during the reaction, the reaction is 
preferably performed in the presence of an additional, inert solvent. Suitable inert 
solvents are for example aprotic compounds. Examples include ketones, for example 
30 methylbutylketone, methylisobutylketone, acetone, methylethylketone; ethers, for 
example anisole, 2,5,8-trioxanonane (diglyme), diethylether, tetrahydrofuran, 
diphenylether, diisopropylether and the dimethylether of diethyleneglycol; esters, for 
example methylacetate, dimethyladipate and butyrolactone; amides, for example 
dimethylacetamide and N-methylpyrrolidone; and sulphones, for example 
35 diisopropylsulphone, sulfolane, 2-methylsulfolane and 2-methyl-4-ethylsulfolane. 
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Preferred solvents are mono- and di-esters. Of these, diesters are more preferred. 
More preferred such diesters are derived from diacids containing 2 to 12, more 
preferably 3 to 7 carbon atoms. The diester can be a diaryl ester, a dialkyl ester or an 
arylalkylester. Preferred diesters include dimethyladipate, diphenyladipate, 
5 dibutyladipate, diethyloxalate, diisopropylsuccinate, diphenyl succinate and 
dimethylsuccinate. When the conjugated diene is 1 ,3-butadiene, more preferred 
solvents include dimethyladipate (the dimethyl ester of hexanedioic acid), dimethyl a- 
methyl glutarate (the dimethyl ester of 2-methylpentanedioic acid), dimethyl a-ethyl 
succinate (the dimethyl ester of 2-ethyl butanedioic acid) and dimethyl a-propyl 

1 0 malonate (the dimethyl ester of 2-propyl propanedioic acid) and mixtures thereof. Of 
these dimethyladipate is most preferred. 

In a preferred embodiment, the solvent is the dicarbonylation product 
of the conjugated diene with the alkanol. For example, if the conjugated diene is 
1 ,3-butadiene and the alkanol is methanol, the solvent can conveniently be 

15 dimethyladipate. In this preferred embodiment the solvent can thus be different for 
each conjugated diene used. 

If di-carbonylation is aimed for and the desired product is a di-ester, 
preferably no solvent other than this di-carbonylation product is used. 

If mono-cabonylation is aimed for and the desired product is a mono- 

20 ester, preferably an additional solvent, preferably a di-ester as described herein above, 
is used in addition to the mono-carbonylation product. 

For the carbonylation reaction temperatures in the range from 20 to 
200 °C, more preferably in the range from 60 to 160°C and carbon monoxide pressures 
in the range of 0.1-8.5 MPa are preferred. 

25 The carbonylation reaction yields a composition containing amongst 

others metal-based catalyst and a polymeric by-product. More in particular the yielded 
composition can contain metal-based catalyst, reaction solvent, an ester product and a 
polymeric by-product. 

The amount and type of polymeric by-product can vary widely 

30 depending on the conjugated diene, the specific catalyst and the reaction conditions 
used. It is believed that the polymeric by-product can comprise non-carbonylated 
polymer and/or carbonylated polymer. Non-carbonylated polymer can be formed by a 
polymerisation reaction of the conjugated diene. Carbonylated polymer can be formed 
by a carbonylation reaction of the non-carbonylated polymer with carbon monoxide and 

35 alkanol. The polymer is mainly carbonylated at those units where the polymer contains 
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a branch having an unsaturated bond at the end. For example, a polybutadiene is 
mainly carbonylated at the 1 ,2 vinyl units. Without wishing to be bound to any theory it 
is believed that a more active catalyst, such as a catalyst system comprising a 
substoichiometric amount of halide anions as described herein, leads to a higher 
5 degree of carbonylation of the polymer. Furthermore it is believed that higher 
concentrations of conjugated diene result in a higher rate of polymerisation. 

The formation of polymeric by-product, especially the polymeric by- 
product with an average number molecular weight in the range from 1000 to 50000, 
more especially in the range from 3000 to 30000, as measured by polystyrene 

10 calibrated Gel Permeation Chromatographgy (GPC), gradually increases the viscosity 
of the yielded composition, which is disadvantageous for the process. 

The process according to this invention is especially suitable to 
separate such polymers, i.e. those polymers with an average number molecular weight 
in the range from 1000 to 50000, more especially in the range from 3000 to 30000, as 

15 measured by polystyrene calibrated Gel Permeation Chromatographgy (GPC), from the 
process, and in particular from the metal-based catalyst. 

The amount and type of ester product depends to a large extent on 
the reactants and the reaction conditions used. The ester product formed can for 
example, be a mono- or di-ester as described herein before. The desired ester end- 

20 product is preferably removed from the process in an amount about equal to the 

amount in which it is produced in the process. If the desired ester end-product is a di- 
ester, such an amount to be removed preferably constitutes only part of the di-ester 
present. Since di-esters are a preferred reaction solvent, preferably a certain amount of 
di-ester is added upfront as a solvent and present during the whole process. Thus for 

25 practical reasons the amount of diester removed preferably lies in the range of 5 to 95 
%v/v, more preferably in the range of 20-70%, on the total amount of di-ester present. 

If the desired ester end-product is a mono-ester, the amount of 
desired ester end-product removed is preferably about the same as the amount in 
which this product is present. If the mono-ester is not used as a reaction solvent, the 

30 mono-ester is for practical reasons preferably removed for at least 30 %v/v, more 
preferably for at least 50-100 %v/v on the total amount of mono-ester present. 

The ester product can be separated from the yielded composition 
before or after separation of the polymeric by-product. Preferably the ester product is 
separated from the yielded composition before the polymeric by-product is separated. 

35 The ester product can be separated by any method known to one skilled in the art to be 
suitable therefore. Preferably the ester product is removed from the composition by 
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distillation, more preferably by wiped film evaporation. Together with the ester product 
other parts of the composition, for example unconverted reactants, such as the 
conjugated diene or alkanol, and/or light boiling by-products, can be distilled off. In 
such a case the ester product is preferably further purified in one or more additional, 
preferably distillation, steps. 

The polymeric by-product in the yielded composition, before or after 
removal of the ester product, is separated from the catalyst components with help of a 
solvent. 

Preferably the yielded composition is first cooled, preferably to a 
temperature below 100°C, more preferably to a temperature in the range from 10°C to 
50°C, before separation of the polymeric by-product. Suitably the solvent used differs in 
the solubility of the metal-based catalyst and the polymeric by-product. Preferably at 
least one solvent is used in which the metal-based catalyst essentially dissolves and in 
which the polymeric by-product does not or essentially not dissolve. The solvent can be 
used simultaneously as a reaction solvent or can be added after reaction has taken 
place. For the separation the help of at least one solvent is needed. The help of more 
than one solvent can be advantageous, depending on the specific polymeric by-product 
and/or metal-based catalyst. Preferably at least two solvents are used. Preferably the 
polymeric by-product is separated from the metal-based catalyst by means of phase 
separation and/or extraction. The later measures both make use of differences in 
solubility. 

If the polymeric by-product is a non-carbonylated polymer or a 
polymer only carbonylated to a small extent separation can be accomplished with the 
help of just one solvent. In this case the polymeric by-product is preferably separated 
from the metal-based catalyst by using a solvent, in which the polymeric by-product is 
not or only sparingly soluble, as a reaction solvent. Preferred solvents for this purpose 
are the diesters described herein as possible reaction solvents. 

If such a solvent is used, formed polymeric by-product will not or only 
sparingly dissolve in the reaction solvent. At an appropriate temperature, optionally 
after cooling, a separate polymeric phase can spontaneously form. Catalyst 
components, and especially the source of metal, will remain dissolved in a reaction 
solvent phase. The formed polymeric phase can conveniently be separated from the 
reaction solvent phase by phase separation. 

Carbonylated polymer, however, has been observed to dissolve to a 
considerable extent in many of the possible reaction solvents. It was therefore found 
difficult to separate a carbonylated polymeric by-product from the metal-based catalyst 
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with the help of just one solvent. If the polymeric by-product is mainly carbonylated 
polymer, the polymeric by-product is preferably separated from the metal-based 
catalyst with the help of two or more solvents. Preferably the relative solubility of one or 
more solvents for the polymeric by-product and/or the metal-based catalyst differs. 
5 Preferably one or more of the solvents is/are simultaneously used as 

a reaction solvent. After the reaction this reaction solvent can contain dissolved catalyst 
and dissolved polymeric by-product. Separation can be accomplished by extracting 
either polymeric by-product with a suitable extraction solvent or extracting catalyst 
components with a suitable extraction solvent. Such an extraction of either polymeric 
1 0 by-product or catalyst components can also be applied where non-carbonylated 
polymer or polymer only carbonylated to a small extent is formed. 

Preferably separation is accomplished by extracting polymeric by- 
product from the reaction solvent with a suitable extraction solvent. 

In a preferred embodiment of the process of this invention separation 

15 comprises: 

I) intimately contacting a composition containing a reaction solvent, a metal-based 
catalyst and a polymeric by-product with at least one extraction solvent, yielding a 
mixture containing metal-based catalyst, polymeric by-product, reaction solvent and 
extraction solvent; 

20 II) allowing the mixture of I) to settle into at least a phase containing polymeric by- 
product and extraction solvent and a phase containing metal-based catalyst and 
reaction solvent; 

III) separating the phase containing polymeric by-product from the phase containing 
metal-based catalyst. 

25 In a preferred embodiment the phase containing metal-based catalyst 

is re-used in a carbonylation reaction. 

Preferably at least a hydrocarbon solvent is present as an extraction 

solvent for extracting polymeric by-product. More preferably two or more extraction 

solvents are used, of which one extraction solvent is a hydrocarbon solvent. In a 
30 preferred embodiment the polymeric by-product is separated from the metal-based 

catalyst with the help of a composition of extraction solvents containing at least a 

hydrocarbon solvent and an alkanol. 

The hydrocarbon extraction solvent can comprise aromatics, 

alicyclics and aliphatics such as alkanes, alkenes, alkadienes, alkynes. Of these 
35 solvents, aliphatics, especially linear or branched alkanes or mixtures thereof, are 

preferred. Preferably the hydrocarbon solvent comprises saturated alkanes having at 
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least 3 carbon atoms, more preferably at least 6 carbon atoms and most preferably at 
least 8 carbon atoms. The hydrocarbon solvent can advantageously be a paraffin or 
mixture of paraffins, such as for example SHELLSOL D40, D60, D70 and D100 
(SHELLSOL is a trademark). There is no upper limit for the molecular weight of the 
alkanes, however, for practical reasons, alkanes and mixtures of alkanes that are liquid 
at ambient temperature, i.e. 25 °C, are preferred. Hydrocarbons, which can be used 
include for example toluene, xylene, cumene, butadiene, pentane, hexane, 
cyclohexane, hexene, heptane, octane, octene, nonane, decane, undecane, dodecane 
and tetradecane. Preferred hydrocarbons include n-decane and higher homologues, 
such as for example n-undecane, n-dodecane and n-tetradecane. Preferably the 
hydrocarbon solvent has a boiling point well above or well below the boiling point of the 
ester product, because small amounts of hydrocarbon solvent can, to a certain extent, 
dissolve in the phase containing metal-based catalyst. If the boiling point of the 
hydrocarbon solvent lies in the same range as that of the ester product, the 
hydrocarbon solvent might interfere with ester product recovery. 

The alkanol extraction solvent is preferably an alkanol, having from 1 
to 20, more preferably from 1 to 6 carbon atoms per molecule or an alkanediol, having 
from 2-20, more preferably 2 to 6 carbon atoms per molecule, or mixtures of alkanols 
and/or alkanediols. Most preferred alkanol extraction solvents are methanol, ethanol, n- 
propanol or iso-propanol. In a preferred embodiment the alkanol used in the 
carbonylation reaction is used as the alkanol extraction solvent. 

In addition the composition of extraction solvents can contain a 
further, third, solvent such as the inert solvent used in the reaction, for example a 
diester. The composition of extraction solvents can consist of one or more phases, 
depending on the hydrocarbon solvent and alkanol used. For example, the composition 
of extraction solvents can comprise a single-phase mixture of alkanol and hydrocarbon 
or two phases, an alkanol-rich phase and a hydrocarbon-rich phase. 

The composition of extraction solvents is brought into contact with the 
composition yielded by the reaction, that is a composition containing a reaction solvent, 
a metal-based catalyst and a polymeric by-product. Temperature and pressure during 
this contacting step can vary between wide ranges and are dependent on the 
hydrocarbon solvent and alkanol used. For example, if hydrocarbon solvents having 
less than 6 carbon atoms are used, temperature and pressure are adjusted such that 
the hydrocarbon solvent is liquid under the conditions applied. 

The extraction solvents can be added one by one or can be added 

simultaneously. 
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For example, the composition containing a reaction solvent, a metal- 
based catalyst and a polymeric by-product can be brought first into contact with an 
alkanol solvent, which can result in a certain degree of precipitation of the polymeric 
by-product. Subsequently the precipitated polymeric by-product can be re-dissolved by 
5 means of a hydrocarbon solvent. This will result in a hydrocarbon-rich/polymer phase 
and a metal-containing/alkanol-rich phase, which can be separated. 

Preferably, however, the composition containing a reaction solvent, a 
metal-based catalyst and a polymeric by-product is simultaneously brought into contact 
with all extraction solvents. 
10 Extraction can be carried out co-currently or counter-currently, but is 

preferably carried out counter-currently. That is, the composition containing a reaction 
solvent, a metal-based catalyst and a polymeric by-product is brought into contact with 
one or more extraction solvents, which flow in a direction counter currently to the 
yielded composition. 

1 5 Extraction/phase separation systems that can be used include for 

example mixer-settler combinations, packed columns and/or rotating disks contactors. 

In a preferred embodiment the yielded composition is contacted with 
at least one extraction solvent in a mixer, where after the resultant mixture is allowed to 
settle into at least two phases in a settler. Preferably a sequence of mixer-settler 

20 combinations is used, wherein the yielded composition flows in a direction counter- 
currently to the direction of the extraction solvent or solvents. 

In another preferred embodiment a rotating disk contactor is used 
wherein the yielded composition is added at one side of the contactor and flows 
counter-currently to at least one extraction solvent, which is added at the other side of 

25 the contactor. In such a rotating disk contactor contacting and settling occurs more or 
less simultaneously and separated phases can be obtained at the top and bottom of 
the rotating disk contactor. 

Also a combination of extraction/phase separation systems can be 
used, for example a combination of mixer-settlers and rotating disk contactors. 

30 The amount of extraction solvent or solvents to be used depends on 

the amount of polymeric by-product formed during the reaction and can be optimised 
by one skilled in the art. The volumetric ratio of solvent or solvents to yielded 
composition can thus vary widely. For practical purposes a volumetric ratio of 
extraction solvent or solvents to the composition to be extracted in the range from 

35 0.01 : 1 00 to 1 00:0.01 , more preferably in the range from 0. 1 : 1 0 to 1 0:0. 1 is preferred. 

The ratio of hydrocarbon solvent to alkanol to be used in a 
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composition of extraction solvents comprising a hydrocarbon solvent and an alkanol 
can also vary widely. Again the optimum ratio depends on the amount of polymeric by- 
product formed during the reaction. For practical purposes a volumetric ratio of 
hydrocarbon solvent to alkanol in the range from 0.01 : 100 to 100:0.01 , more preferably 
5 in the range from 0. 1 : 1 0 to 1 0:0. 1 is preferred. 

Both phases generated in a phase separation can be extracted 
further. Preferably a phase comprising the polymeric by-product is extracted once or 
more with alkanol or a mixture of alkanol and reaction solvent to retrieve residual metal. 
The phase comprising the metal-based catalyst, is preferably extracted once or more 
10 with hydrocarbon solvent to remove residual polymeric by-product from this phase. 

The composition yielded by the reaction from which both ester- 
product and polymeric by-product are removed as described above can be recycled to 
the reaction zone. 

The process according to the invention can be a batch, continuous or 
15 semi-continuous process. In a preferred embodiment the process is a continuous 
process. This invention therefore also provides a continuous process for the 
carbonylation of a conjugated diene, comprising: 

a) reacting the conjugated diene with carbon monoxide and an alkanol in the presence 
of a metal-based catalyst system, yielding a composition containing metal-based 

20 catalyst, an ester product and a polymeric by-product; 

b) separating ester product from the composition obtained in step a), yielding an ester 
product-depleted composition; 

c) separating polymeric by-product from the composition obtained in step b) with help 
of a solvent; yielding an ester product-depleted and polymer-depleted composition; 

25 d) recycling the ester product-depleted and polymer-depleted composition obtained in 
step c) to reaction step a). 

Preferences are as previously described hereinabove for the process 
in general. In the preferred process as outlined above, ester product is separated in 
step b) from the composition obtained in step a) before separating the polymeric by- 

30 product in step c). However, it will be understood by one skilled in the art that this 

invention also provides a process wherein the order of steps b) and c) is reversed, i.e. 
wherein first polymeric by-product is separated yielding a polymer-depleted 
composition whereafter ester-product is separated yielding an ester product-depleted 
and polymer-depleted composition. Such a process comprising a) followed by c) 

35 followed by b) followed by d) is also part of this invention. 
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In a continuous process separation of the polymeric by-product can 
occur batch-wise or continuous. By a batch-wise phase separation is understood that 
step c) is carried out intermittently whenever the concentration of polymer by-product 
exceeds a certain threshold value. By a continuous phase separation is understood 
5 that step c) is carried out continuously, regardless the concentration of polymer by- 
product. The separation can be carried out on the whole of the composition obtained in 
the previous step or on part of that composition. Preferably step c) is carried out on 
part, preferably on a bleed or purge stream, of the composition obtained in the previous 
step. Polymeric by-product is then removed from such a part or purge stream, 

10 whereafter the obtained polymer-depleted stream can, for example, be recycled to the 
reaction in step a). 

The process as described herein can advantageously be used in a 
process for the preparation of caprolactam or adipic acid. 

An illustration of a continuous process according to the invention is 

1 5 now described by reference to figure 1 . 

A continuous stirred tank reactor (102) is charged (for start-up) with a 
metal-based catalyst (Pd acetate, bidentate diphosphine ligand and a source of anions) 
and a diester (e.g. dimethyladipate) as a reaction solvent. 

A stream of appropriate amounts of carbon monoxide, 1,3-butadiene 

20 and methanol (101) is continuously introduced to the continuous stirred tank reactor 
(102) at reactor conditions suitable for carbonylation, for example a pressure of 50 bar 
and a temperature of 135 °C. A stream comprising unreacted 1,3-butadiene, methanol 
and carbon monoxide; metal-based catalyst; diesters (e.g dimethyladipate and possibly 
other diesters formed during the reaction); methyl pentenoate; polymeric by-product 

25 and some other compounds (e.g. methoxy butenes) (1 03) is withdrawn from the reactor 
(102) and led into a gas-liquid separator (104). A stream of gas (105), containing 
mainly carbon monoxide and 1,3-butadiene is withdrawn at the top of the gas-liquid 
separator (104), and recycled into the reactor (102). A stream of liquid (106) containing 
dissolved metal-based catalyst; possibly some 1 ,3-butadiene; methanol; diesters; 

30 methyl pentenoate; polymeric by-product and some other compounds (e.g. methoxy 
butenes) is withdrawn at the bottom of the gas-liquid separator (104), and led into a 
flash vessel (107), preferably a wiped film evaporator. A stream of light components 
(108), such as unconverted 1,3-butadiene, methanol, methyl pentenoate, 
methoxybutenes and some di-ester is withdrawn at the top of the flash vessel (107). A 

35 stream containing metal-based catalyst; diesters; and polymeric by-product (109) is 
withdrawn at the bottom of the flash vessel (107). From this stream (109) a purge 
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stream (110) is withdrawn, and a main stream (1 1 1) is recycled to the reactor (102). 
The purge stream (110) is led into a first mixer (112), where it is mixed with a stream of 
fresh hydrocarbon (113) and a stream of used methanol (1 14) obtained from a second 
settler (122). From the first mixer (1 12) a mixture of metal-based catalyst; diesters; and 
polymeric by-product; hydrocarbon solvent and methanol (115) is withdrawn and led 
into a first settler (116). In the first settler (1 16) this mixture is phase separated into a 
metal-based catalyst-depleted/polymer-rich hydrocarbon phase (116a) and a polymer- 
depleted/metal-based catalyst rich methanol phase (116b). A stream of polymer- 
depleted/metal-based catalyst-rich methanol phase (117) is recycled to the reactor 
(102). A stream of metal-based catalyst-depleted hydrocarbon phase (118) is 
withdrawn from the first settler (116) and led to a second mixer (119) where it is mixed 
with a stream of fresh methanol (120) to extract any residual metal-based catalyst. 
From the second mixer (119) the obtained mixture (121) is led to a second settler 
(122), where it is phase separated into a metal-based catalyst-depleted/polymer-rich 
hydrocarbon phase (122a) and a polymer-depleted/metal-based catalyst-rich methanol 
phase (122b). A stream (114) of polymer-depleted/metal-based catalyst-rich methanol 
is recycled to the first mixer (1 12). A stream of metal-based catalyst-depleted/polymer- 
rich hydrocarbon (123) is discarded. 

The invention is further illustrated by the following non-limiting 

examples. 

For comparative experiment A and examples 1 to 5, a bench-scale 
unit as illustrated in figure 2 was used. In this unit a continuous stirred tank reactor 
(201) is charged with a metal-based catalyst and a reaction solvent. A feed of 
appropriate amounts of carbon monoxide, 1 ,3-butadiene and methanol (203) is added 
to the reactor (201) at reactor conditions suitable for carbonylation. The mixture in the 
reactor is stirred. A product stream (205) is withdrawn from the reactor (201) and led 
into a stripper (207). Light products and unreacted reactants (209) are stripped off by a 
stream of nitrogen gas (21 1 ) at the top of the stripper (207). A stream containing 
dissolved metal-based catalyst; reaction solvent; and polymeric by-product (213) is 
withdrawn at the bottom of the stripper (207), and led into a buffer vessel (215). A 
stream containing in each case metal-based catalyst is hereafter recycled from the 
buffer vessel (215) to the reactor (201). 

Comparative experiment A 

A bench-scale unit as illustrated in figure 2 was operated during 150 
hours for the carbonylation of 1,3-butadiene to methylpentenoate using a 
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homogeneous Pd-based catalyst. 

The unit was charged with 425 ml of a catalyst solution, 200 ml in the 
reactor (201) and 225 ml in the buffer vessel (215). The catalyst solution was prepared 
by stirring a mixture of 3 mmole Pd acetate, 4.5 mmole 1 ,2-bis(9- 
5 phosphabicyclononyl)ethane as a ligand, 30 mmole pivalic acid and 400 ml anisole 
under nitrogen. The reaction was started by pressurising the reactor (201) with carbon 
monoxide, starting the methanol, butadiene, anisole and recycle pumps and heating 
the reactor to 135°C, while keeping the pressure at 50 bar. The feed rate of butadiene 
was varied between 6 and 16 grams butadiene/hour. The feed rate of methanol was 

1 0 varied between 4 to 1 0 grams methanol/hour. The anisole feed rate of 1 0 g/hour was 
sufficient to compensate distillation losses. The recycle stream from the buffer vessel 
(215) to the reactor (201) was pumped at 60 ml/hour. The liquid level in the reactor 
(201) during operation was kept at 250 ml. Catalyst stability was maintained by 
continuously feeding a small flow of 0.2 g/hour of pivalic acid and 3.6 mg/hour of 1 ,2- 

15 bis(9-phosphabicyclononyl)ethane (as a salt of pivalic acid dissolved in anisole). Light 
products, anisole and reactants were removed in a stripper (207) at about 100 °C using 
pure nitrogen as stripping gas. The nitrogen flow was adjusted for maintaining a 
constant liquid level in the buffer vessel (215). The stripper (207) bottoms containing 
the catalyst, anisole, some methylpentenoate, some other high boiling esters, and 

20 dissolved polybutadiene were continuously recycled to the reactor. After 150 hours the 
methylpentenoate product yield was 750 g. A sample from the stream (217) recycled 
from the buffer vessel (215) to the reactor (201) was analysed and had the following 
composition: 
71 %w anisole 

25 21 %w methylpentenoate 

8 %w polybutadiene (by 13 C NMR) with an average number molecular weight of 
20.000 (by styrene calibrated GPC) 
320 ppmw Pd (by ICP AES). 

Polybutadiene could only be removed from the process by discarding 

30 part of the homogeneous liquid phase also comprising 320 ppmw Pd. 



Example 1 

Comparative experiment A was repeated with the following 
differences: anisole was replaced by dimethyladipate (DMA) as a reaction solvent. The 
35 feed rate of butadiene was varied between 8 and 1 5 grams butadiene/hour. The feed 
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rate of methanol was varied between 4 to 6 grams methanol/hour. The recycle stream 
from the buffer vessel (215) to the reactor (201) was pumped around at 60 ml/hour. 
The methylpentenoate product yield after 280 hours was 1 100 g. A small flow of acid 
was fed to the reactor (201) to make up for acid losses. During the test the buffer 
5 vessel (215) contained two liquid phases, an upper polybutadiene-rich phase which 
increased in volume from zero to 310 ml over a period of 280 hours, and a lower 
dimethyladipate phase with little dissolved polybutadiene. The dimethyladipate phase 
was recycled to the reaction zone. Both liquid phases were analysed for polybutadiene 
by 13 C NMR and for Pd by ICP AES after 280 hours. 
Upper phase Lower phase 

310 ml 250 ml 

50 %w polybutadiene 4 %w polybutadiene 

45 %w dimethyladipate 85 %w dimethyladipate 

5 %w methylpentenoate 1 10 %w methylpentenoate 

75 ppmw Pd 345 ppmw Pd 

10 The polybutadiene structure determined by 13 C NMR consisted of 

80% 1,4 (linear) units and 20% 1,2 vinyl units and was not carbonylated. The formed 
polybutadiene had an average number molecular weight of 20000 (by styrene 
calibrated GPC). 

The example shows that by using a di-ester such as dimethyladipate 
15 as a reaction solvent, spontaneous phase separation occurs, generating a 

polybutadiene-rich upper phase and a polybutadiene-depleted lower phase. The lower 
phase can be recycled to the reaction zone. Polybutadiene can be removed from the 
process by discarding part of the upper phase, containing only 75 ppmw Pd. Thus loss 
of valuable catalyst components is considerably decreased compared with comparable 
20 experiment A. 
Example 2 

Example 1 was repeated with the following difference: The catalyst 
consisted of 6 mmole Pd acetate, 13 mmole meso-1,2 dimethyl-1 ,2-bis (9- 
phosphabicyclononyl) ethane, 80 mmole pivalic acid (PVA) and 0.6 mmole hydrogen 
25 iodide. Pivalic acid was continuously dosed at a rate of 0.2 g/hour and additional ligand 
at 3.6 mg/hour (as pivalic acid salt in dimethyladipate). The feed rate of butadiene was 
varied between 8 and 12 grams butadiene/hour. The feed rate of methanol was varied 
between 6 and 12 grams methanol/hour. The recycle stream from the buffer vessel 
(215) to the reactor (201) was varied between 30 and 60 ml/hour. After 140 hours the 
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methylpentenoate product yield was 840 g. The buffer vessel (215) contained a 
homogeneous liquid phase containing 7 %w dissolved (carbonylated) polybutadiene 
and 715 ppmw Pd. A quantity of 250 ml of this liquid was removed from the buffer 
vessel (215) and was mixed with a 2-phase mixture of 250 ml methanol and 250 ml 
5 tetradecane at ambient temperature under nitrogen blanketing. After settling two liquid 
phases were collected with the following composition: 
Upper phase Lower phase 

270 ml 500 ml 

82 %w tetradecane 8 %w tetradecane 

4 %w methanol 48 %w methanol 

6 %w dimethyladipate 40 %w dimethyladipate 
1 %w methylpentenoate 3 %w methylpentenoate 

7 %w polybutadiene (1 5 g) <1 %w polybutadiene (<5 g) 
9 ppmw Pd (2 mg Pd) 405 ppmw Pd (1 78 mg Pd) 

The lower phase, containing 99 %w of the Pd catalyst, was 
introduced again in the buffer vessel (215) and gave unaltered carbonylation activity. 
The polybutadiene-rich upper phase, containing more than 75 %w of the 

1 0 polybutadiene and 1 %w of the Pd catalyst was extracted a second time with 

methanol/dimethyladipate. This resulted in a polybutadiene-rich liquid phase containing 
less than 1 ppmw Pd (less than 0.2 mg Pd) and a polybutadiene depleted 
methanol/dimethyladipate phase containing the remaining Pd. Thus 99.9 %w of the Pd 
catalyst inventory of the purge stream is recovered. The polybutadiene-rich phase was 

15 analysed by 13 C NMR and consisted of partly carbonylated polybutadiene, having an 
average number molecular weight of 5000 (determined by polystyrene calibrated 
GPC), with the following microstructure: 
80% 1 ,4 (linear) units 
10% 1,2 vinyl units 

20 1 0% carbonylated 1 ,2 structure. 

The higher degree of polybutadiene carbonylation was responsible 
for the enhanced polybutadiene solubility in dimethyladipate. Carbonylation of 
polybutadiene vinyl structure is believed to be caused by the use of a more active 
metal-based catalyst and by operating the reactor (201) at a higher butadiene 

25 conversion. 
Example 3 

Example 2 was repeated with the difference that the catalyst 
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inventory was only 50% and that no extra ligand was dosed during the run. The recycle 
flow varied between 60 and 120 ml per hour. After 330 hours the methylpentenoate 
product yield was 2600 g. The buffer vessel (215) contained a homogeneous liquid with 
14 %w dissolved polybutadiene and 495 ppmw Pd. The polybutadiene vinyl 1,2 
5 structure was largely carbonylated. 400 ml liquid of the buffer vessel (215) was 

contacted with a 2-phase mixture of 230 ml methanol and 230 ml tetradecane. Phase 

separation gave the following result: 

Upper phase Lower phase 

370 ml 500 ml 

59 %w tetradecane 1 3 %w tetradecane 

1 3 %w methanol 36 %w methanol 

14 %w dimethyladipate 34 %w dimethyladipate 
6 %w methylpentenoate 8 %w methylpentenoate 

9 %w polybutadiene (27 g) 9 %w polybutadiene (40 g) 

8 ppmw Pd (2 mg Pd) 444 ppmw Pd (198 mg Pd) 

The polybutadiene-rich upper phase contains 40 %w of the 

polybutadiene and 1 %w of the Pd. Purging the upper phase, to discard 40 %w of the 
10 polybutadiene thus results in a Pd loss of only 1 %w. The polybutadiene structure was 

analysed by 13 C NMR and contained: 

80% 1,4 (linear) units 

5% 1,2 vinyl units 

15% carbonylated 1,2 structure. 
1 5 The polybutadiene had an average number molecular weight of 5000 

(determined by polystyrene calibrated GPC). 

Example 4 

Example 2 was repeated with the difference that the polybutadiene 
was extracted from the catalyst recycle with a single-phase mixture of 
20 toluene/methanol after 360 hours of operation. At that moment methylpentenoate yield 
was 4600 g. 196 g of liquid from the buffer vessel (215), containing 17 %w dissolved 
polybutadiene and 636 ppmw Pd was contacted with a single phase mixture of 170 g 
methanol and 100 g toluene. Phase separation gave the following result: 
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Upper phase Lower phase 

450 ml 35 ml 

25 %w toluene 29 %w toluene 

44 %w methanol 9 %w methanol 

3 %w methylpentenoate 1 %w methylpentenoate 

28 %w dimethyladipate 1 2 %w dimethyladipate 

1 .3 %w polybutadiene (5 g) 50 %w polybutadiene (1 7 g) 

285 ppmw Pd (1 05 mg Pd) 45 ppmw Pd (1 .6 mg Pd) 

The polybutadiene structure was analysed by 13 C NMR and 

contained: 

80% 1 ,4 (linear) units 

10% 1,2 vinyl units 

10% carbonylated 1,2 structure. 

Contrary to previous examples the hydrocarbon/polybutadiene liquid was now the 
lower phase. This is caused by the very high polybutadiene content of this phase 
(density of the polybutadiene is about 1 kg/litre). The polybutadiene-rich lower phase 
contains 77 %w of the polybutadiene and 1.5 %w of the Pd. Purging the upper phase, 
to discard 77 %w of the polybutadiene thus results in a Pd loss of only 1 .5 %w. 
Example 5 

Example 4 was repeated with the difference that after 360 hours of 
operation the product stream from the reactor (201) was extracted before stripping of 
the methylpentenoate product in the stripper (207). The polybutadiene was extracted 
with pentane/methanol by mixing 190 g reactor product containing 10 %w dissolved 
polybutadiene and 440 ppmw Pd with 100 g methanol and 100 g n-pentane. Phase 
separation gave the following result: 
Upper phase Lower phase 

370 ml 35 ml 

25 %w pentane 37 %w pentane 

42 %w methanol 1 4 %w methanol 

9 %w methylpentenoate 5 %w methylpentenoate 

23 %w dimethyladipate 10 %w dimethyladipate 

2 %w polybutadiene (6 g) 34 %w polybutadiene (8 g) 

288 ppmw Pd (85 mg Pd) 41 ppmw Pd (1 .4 mg Pd) 

The polybutadiene structure was analysed by 13 C NMR and 
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80% 1,4 (linear) units 

10% 1,2 vinyl units 

10% carbonylated 1,2 structure. 

Pd loss by a purge of the lower phase was 1.6 %w, whilst the 
5 efficiency of polybutadiene removal by this purge was about 57 %w. Also in this 

example the polybutadiene/hydrocarbon liquid was the higher density phase, because 
of the high polybutadiene content. 
Example 6 

Example 2 was repeated with the following differences (see figure 3): 
1 0 A feed (202) of appropriate amounts of carbon monoxide and 1 ,3-butadiene was added 
to the continuous stirred tank reactor (201). The buffer vessel (215) was filled with 
1 litre of 5 mm glass beads (216). The buffer vessel (215) contained about 200 ml of 
tetradecane phase (215a) and 200 ml dimethyladipate/methanol (215b) phase. The 
dimethyladipate containing stream (213) exiting the bottom of the stripping vessel (207) 
1 5 with a flow rate of about 1 20 ml per hour was admixed with a flow (21 4) of 20 ml 
methanol per hour prior to entering the buffer vessel (215) to maintain a two liquid 
phase system in this vessel (215). The Pd and polymer containing dimethyl adipate- 
methanol mixture was continuously percolated through the tetradecane phase (215a) 
for 260 hours. A small flow (218) of 3 ml dimethyladipate/tetradecane mixture (volume 
20 ratio 2:1 ) was continuously fed to the bench-scale unit to make up for distillation losses. 
After 260 hours operation the composition of both phases was analysed by GLC, ICP- 
AES (for Pd) and 1 3 C NMR (for polybutadiene) with the following result: 
Upper phase Lower phase 

86 %w tetradecane 1 5 %w tetradecane 

1 .5 %w methanol 24 %w methanol 

5.4 %w dimethyladipate 53 %w dimethyladipate 

1 .6 %w methylpentenoate 9 %w methylpentenoate 
4 %w polybutadiene 0.7 %w polybutadiene 

1 7 ppmw Pd 1 025 ppmw Pd 

The polybutadiene structure was analysed by 13 C NMR and 

contained: 
25 80% 1,4 (linear) units 
15% 1,2 vinyl units 
5% carbonylated 1 ,2 structure. 
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The results show that the polybutadiene by-product can be very 
effectively removed when it is extracted from the catalyst recycle liquid before its vinyl 
structure is carbonylated to a large extent by subsequent reactor passages. 85% of the 
polybutadiene is present in the upper (tetradecane) phase (215a) in the buffer vessel 
5 (215), whereas more than 98% of the catalyst is retained by the lower 

(dimethyladipate/methanol) phase (215b) that is being recycled to the reactor. 
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CLAIMS 

Process for the carbonylation of a conjugated diene, comprising reacting the 
conjugated diene with carbon monoxide and an alkanol in the presence of a 
metal-based catalyst to form an ester, whereby further a polymeric by-product 
is formed, wherein the polymeric by-product is separated from the metal- 
based catalyst with help of a solvent. 

A process as claimed in claim 1, wherein the conjugated diene is 1,3- 
butadiene. 

A process as claimed in claim 1 or 2, wherein the alkanol is an alkanol with 1 
to 6 carbon atoms per molecule or an alkanediol with 2 to 6 carbon atoms per 
molecule. 

Process as claimed in any one of claims 1-3, wherein the metal-based catalyst 
is a catalyst including 

(i) a source of palladium cations; 

(ii) a bidentate diphospine ligand having the general formula I 

X 1 -R-X 2 (I) 
wherein X 1 and X 2 represent a cyclic group with at least 5 ring atoms, of 
which one is a phosphorus atom, and R represents a bivalent organic bridging 
group, connecting both phosphorus atoms; 

(iii) a source of anions. 

Process as claimed in any one of claims 1-4, wherein the polymeric by- 
product is separated from the metal-based catalyst with the help of two or 
more solvents. 

Process as claimed in any one of claims 1-5, wherein the separation 
comprises: 

I) intimately contacting a composition containing a reaction solvent, a metal- 
based catalyst and a polymeric by-product with at least one extraction solvent, 
yielding a mixture containing metal-based catalyst, polymeric by-product, 
reaction solvent and extraction solvent; 

II) allowing the mixture of I) to settle into at least a phase containing polymeric 
by-product and extraction solvent and a phase containing metal-based 
catalyst and reaction solvent; 

III) separating the phase containing polymeric by-product from the phase 
containing metal-based catalyst. 
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7. Process as claimed in anyone of claims 1-6, wherein the polymeric by-product 
is separated from the metal-based catalyst with the help of a composition of 
extraction solvents containing at least a hydrocarbon solvent and an alkanol. 

8. Process as claimed in claim 7, wherein the hydrocarbon solvent comprises 
alkanes having at least 3 carbon atoms. 

9. Continuous process for the carbonylation of a conjugated diene, comprising 

a) reacting the conjugated diene with carbon monoxide and an alkanol in the 
presence of a metal-based catalyst system and a solvent, yielding a 
composition containing metal-based catalyst, solvent, an ester product and a 
polymeric by-product; 

b) separating ester product from the composition obtained in step a), yielding 
an ester product-depleted composition; 

c) separating polymeric by-product from the composition obtained in step b) 
with help of a solvent, yielding an ester product-depleted and polymer- 
depleted composition; 

d) recycling the ester product-depleted and polymer-depleted composition 
obtained in step c) to reaction step a). 

10. Use of a process claimed in any one of claims 1-9, in a process for the 
preparation of caprolactam or adipic acid. 
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">» (57) Abstract: The invention relates to a method for increasing hair volume or length, comprising the following steps: - providing 

^ a plurality of extensions (C) comprising several hairs (3), which are connected by a fixing element (13), said extensions (C) being 
aligned and basically in parallel with their fixing elements (13) located on a support tape (11) having an adhesive face (1 la); - adher- 

^ ing the adhesive face (1 la) of the support tape (11) to head hair (T) and positioning the extensions (C); - connecting the extensions 

^ (C) with the head hair by attaching the fixing elements (13) to it. Further the invention relates to an assembly (12) for use in such 

^* method. 
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Method and assembly for increasing hair volume 

The current invention refers to a method for increasing hair volume and to an 
assembly of hair extensions designed for use in this method and to the 
procedure for producing these assemblies. 

Various systems are already known for increasing hair volume and also for 
lengthening hair. These systems in general use hair extensions, natural or 
artificial in nature, which are then fixed to the head hair using methods that, 
based on the proposed application methods, determine the acceptance and 
satisfaction on the part of the user who has requested such treatment. 

Another aspect that helps to increase the satisfaction with such treatment is the 
speed of implementation. 

The known systems include a phase in which the extensions are connected to the 
hair of the user. During this phase, the extensions can basically be sewn, bonded 
or knotted to the user's hair. However, these methods of extension require a 
period of time that is very long, considering that each single extension requires 
manual implementation and precision. 

Other methods are known for creating a connection between the extensions and 
the hair, requiring the use of external elements such as clasps, combs, grips, etc. 
These elements can be used to attach extensions of larger dimensions to the 
user's hair, but have the great inconvenience that the connection is clearly visible 
and can be felt by the user who can feel uncomfortable with them. 

Amongst other known methods, there are those that permit smaller dimensioned 
extensions to be connected to the hair. These methods, that require the use of 
adhesive, small clasping elements, etc. give fairly good results, but in all cases 
require long application sessions because the operator must connect each 
individual extension, none of which can be of larger dimensions as otherwise the 
connections would be visible to the user and the observer. 

An example of this method is described in JP 03152205 (Aderans Co. Ltd.) and in 
other successive patents based on perfecting this technique. The inventor of the 
present invention has developed such methods and bondings for lengthening and 
thickening hair described in ZA 93/5214 A or in DE 196 26 107 C. 

These documents describe extension elements and the relevant method of 
application where an extension is fixed to the head hair with the application of a 
thermoplastic adhesive. In this context, it is clear that application is manual and 
that it may not be uniform from extension to extension. 
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The forced manual implementation of these known methods therefore implies a 
series of problems. In the first case, the operator must have great experience 
and practice in this technique to be able to implement regular connections, a 
condition that is not always possible. In addition, apart from experience, it will be 
extremely difficult to produce uniform connections: they will vary greatly as they 
will not be positioned exactly along the lines proposed for the hair extension and 
will vary in quality and size. 

All this means that the quality of the finished work will not be optimal, will be 
more exposed to wear, with imperfections that cannot be rectified, increased 
costs due to very long application times and the difficulty in locating experienced 
operators. 

Similar difficulties are present with those methods using an adhesive applied to 
the connection being created, for example, in the method described in US 
4,934,387 (Megna). 

The object of the invention is to provide a method of increasing hair volume and 
to provide an assembly of extensions designed to be used in this method which 
resolve the inconveniences mentioned with reference to the techniques noted. 

This problem is resolved by a method as specified above, which includes the 
steps of claim 1. 

The solution idea consists of providing a method and an assembly for increasing 
hair volume with no manual intervention required and which allows the 
application of extensions in batches by applying several extensions in one step. 
The fixing elements connecting the hairs of each extension is usually called 
bonding 

The advantages of the method of the invention are: 

Since several extensions are fixed to the head hair in only one step the 
application of the extensions is much faster than with the known method. A hair 
extension procedure in which about 200 extensions are applied takes at least two 
hours when done in the conventional way. With the method of the invention the 
same amount of extensions may be applied in fifteen minutes or less. Therefore 
not only costs are reduced but also the comfort for the customers is enhanced. 

The procedure is much easier to perform since it is no longer necessary to roll 
bondings with the fingers so that the method of the invention may be performed 
not only by specialized and trained staff but also by hair dressers after short 
introduction. The likelihood of mistakes is minimized and the appearance of the 
result is much better. This is due to the fact that the bondings are applied 
regularly with equal distances. Further the bondings are completely flat and less 
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visible. The head hair is not pulled in from the sides to fix a bonding as it is the 
case with known methods in which the hair is pulled out of the natural falling so 
that the head hair forms a small triangle with the apex in the bonding. With the 
method of the invention the head hair remains essentially parallel so that so that 
the hair is not disturbed by the bondings and the natural appearance is 
maintained. 

A further advantage of the invention is that it is possible to use smaller 
extensions, i.e. each extension contains a smaller number of hairs compared to 
the conventional method. Since it is possible to apply a bigger number of 
extensions in a reasonable time a finer distribution of the hair can be 
accomplished. The use of very small bondings is not possible with the 
conventional method since the thermal capacity would be to small, so that the 
bonding would cool down in a short time after removing a heating device so that 
the time for which the bonding is soft and tacky is too short for establishing a 
proper connection to the head hair, by rolling it with the fingers, for example. 

The method of the invention is very safe since even a hot instrument is used for 
melting the thermoplastic material of the bonding or on the bonding it is possible 
to prevent the hot instrument from coming into contact with the hair or the head 
hair. Furthermore, no protection shield is needed any more for protecting the 
customer when applying the extension. 

There are two main embodiments of the method of the invention. In a first 
embodiment on the bondings or fixing elements connection means are located 
which are used to secure the extension on the head hair. Such connection means 
may consist of a drop of glue or hot melt adhesive, for example. Applying the 
extensions is especially easy if a glue is used which is activated by ambient air. 
In a second embodiment the fixing element itself is used as connection means. 
In that case the fixing element itself is softened by application of heat or 
ultrasonic energy to establish connection to head hair, for example. 

When the extensions are applied by means of heat the connection means 
preferably consists of a thermoplastic material which softens when the heat is 
applied. After cooling down the connection means the thermoplastic material is 
solidified and secure connection is established. 

Instead of applying heat directly it can be applied ultrasonic energy to the 
connection means. In this case a thermoplastic material softens due to heat and 
vibration produced by ultrasonic waves. The advantage of this procedure is that 
the head hair is less exposed to heat and that the method is fail safe. 

Further the invention relates to an assembly according to claims 10 and 11 
relating to a first and a second embodiment of the invention. 
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The principal advantage of this method and the assembly of extensions resides, 
according to the present invention, in allowing the rapid application of a high 
number of extensions in a single step, implementing contemporaneously a 
corresponding number of connections with very small dimensions and therefore 
almost invisible and not detectable by the user. 

In a further variant of the invention the extension comprises hair of a color 
different to that of the head hair. In that way highlights or lowlights can be 
realized much easier than by conventional methods in which single strains of 
head hair are colored. 

In a preferred embodiment of the invention the fixing elements consist of plates 
having at least layers of plastic with different melting points. So it is possible to 
be sure that only a part of the fixing elements will be softened when treated with 
heat or ultrasonic energy. 

The current invention will now be described according to the various forms of 
preferred implementation provided as examples but not limited by reference to 
the appended drawings, in which: 

Fig. 1 represents a perspective view of an assembly of strands according 
to the invention; 

Fig. 2 to 6 schematically illustrate, using perspective views, various phases 
of a method for increasing hair volume according to the current 
invention, implemented with an assembly of extensions according 
to the invention; 

Fig. 7 to 12 illustrate six additional examples of creating the assemblies of 
the preceding figures; 

Fig. 13 a detail of another embodiment of the invention in a sectional view 
in enlarged scale; 

Fig. 14 a gripper device used for the method of the invention in a 
perspective view; and 

Fig. 15 the gripper device of Fig. 14 with some parts broken away for 
better understanding the function. 

With reference to Figure 1, an assembly 12 of extensions C, according to an 
initial example for implementing the invention, consists of a number of 
extensions C, aligned and basically in parallel, consisting of a quantity of 
substantially predefined hairs 3 which can be natural or artificial, with 
appropriately selected colors, uniform or streaked. 
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The extensions C are arranged substantially equidistant. They extend from their 
respective proximal extremities 2, designed to be connected to the head hair, to 
the free distal extremities. The extensions C and the respective hairs 3 have a 
length that is preferably uniform. 

Together with the aforesaid proximal extremities 2, the assembly 12 includes, on 
each extension C, a fixing element 13 produced from a thermoplastic material 
such as polyamide, polyester or even a polyurethane, for example, nylon. 

To connect the fixing element 13 to the respective extremities 3, various systems 
can be used, including hot gluing, injection, etc, which are well known in the art. 

The fixing element 13 has the form of a small rectangle or disk with a width 
(exaggerated in the drawings) substantially equal to or only slightly larger than 
that of the respective extension C. The same applies to the thickness, to limit to 
a minimum the quantity of thermoplastic material that, as described below, acts 
as the adhesive. 

The assembly 12 also includes a support tape 11, made of a transparent material 
with an adhesive face 4 on which the fixing elements 13 are positioned. 

The material forming the support tape 11 is preferably, but not exclusively, made 
of a material resistant to heat. The adhesive used is a non-permanent and 
reversible type, operated by pressure. Its adhesive force on the tape 11 is 
greater than that produced on the thermoplastic material that forms the fixing 
elements 13 so that a subsequent separation of the tape 11 from this material 
does not leave any adhesive residues. 

The aforesaid adhesive face 4 can be covered with a protective tape 14 (Fig. 1) 
to facilitate production and storage of the assembly 12. 

In this production example, the assembly 12 consists of means for connecting 
extensions C to head hair T that consist of the fixing elements 13 themselves as 
shown in the description of the hair extension method that follows. 

The support tape 11 can have a defined length and hold a predetermined number 
of extensions C or it can have an undefined length so that the operator can cut 
sections to select the desired number of extensions C. 

In all cases, the operator can eliminate one or more extensions that are not 
compatible with the application being carried out by simply cutting away a 
section of tape 11. 

On each assembly 12, the extensions C can be of the same length, size and 
color, but it is also possible to have variations in length to produce scaled 
increases, variations in color to produce complex streaks and variations in size. 
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The covering and protective tape 14 can also be adhesive and/or transparent and 
can also be made of normal silicone-coated paper. 

Still based on the current example, the thermoplastic material can be a 
substance suitable for being fused at a temperature above ambient, assuming 
the properties of a plastic fluid, and then cooling and solidifying at ambient 
temperature. 

Substances with analogous properties can be fused using the direct application of 
mechanical energy, in the form of high frequency vibrations, in particular, 
ultrasonic vibrations. In this case, the intermolecular vibrations and the resulting 
friction generate the quantity of heat necessary to plastically move the molecules 
with respect to each other. The generation of heat stops when the vibrations 
cease, resulting in almost immediate solidification. 

Examples of substances that can be used as a thermoplastic material are 
polyesters, polyamides, polyurethanes, etc. 

The function of the fixing element 13 according to the current invention is that of 
holding together the hairs in each extension C and that of providing the 
attachment point of the extension C to the hair of the head hairT being 
extended. 

Other examples of fixing elements 13 include plastic elements, in the form of 
disks or balls to which the hair of the extension is fixed. These fixing elements 13. 
are associated with means of connections, for example, consisting of portions of 
a thermoplastic material as already described or glues and/or adhesives of 
another nature: pressure hardening, thermosetting, thermo-shrinking, etc. Such 
examples will be described below. 

The fixing element 13, which can have a color compatible with the hair of the 
extension C, can also be embellished with additional decorative elements such as 
strass, etc. 

All the fixing elements and their variations described above are suitable for the 
hair extension method described below. 

With reference to Figures 2 to 6, the extension method using the assembly 
described above proceeds with the following steps. 

The extension assembly is prepared, the protective tape 14 is removed if 
present. In this configuration, the extensions C are positioned in an ordered 
alignment; the support tape 11 can be stuck to the hair T being extended. The 
operator can utilize the adhesive face of tape 11 and its transparency to check 
the effect produced on the hair being extended before fixing it in place. The user 
can also check the effect by means of a mirror. 
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Subsequently, once the position of the tape 11 and the extension C has been 
decided on, the next phase occurs in which the fixing element 13 is connected to 
the hair of the user. In this phase, the operator activates the means of 
connection described above. 

In the current implementation example, the fusing property of thermoplastic 
material is used. In fact, it is proposed that energy be applied to the fixing 
elements via the support tape 11. With reference to Fig. 3, a gripper device 15 
with two pressure elements 16 is used, elongated sufficiently to apply a uniform 
pressure along the entire length of the tape 11, compressing the fixing elements 
13. 

In this context, at least two systems for transmitting energy to the fixing 
elements 13 can be used. The first proposes the application of heat. For this 
proposal, the pressure elements 16 are heated in a convenient manner using one 
or more electrical resistors. 

In this case, the heat is transmitted from one side through the tape 11 and from 
the other directly onto the fixing elements 13. The tape 11, as previously 
described, is resistant to heat and will not deform nor degrade when in contact 
with the hot pressure elements 16. 

The second system proposes the use of mechanical energy in the form of 
ultrasonic frequency vibrations, for example in the range between 20 and 60 
kHz. In this case, one or both of the pressure elements are connected to a 
vibrating body, for example, a piezo-electric element subjected to alternating 
current at the desired frequency and they will transmit these vibrations to the 
fixing elements 13 both directly and through the tape 11. 

In this case, note that the application of vibrations allows the molecules of the 
fixing element 13 thermoplastic material to flow easily between the individual 
hairs of the extension C and the head hair T, penetrating and joining them 
together. 

Note also that, thanks to the efficiency with which the molecules distribute 
themselves around the hairs in subtle layers, only a minimum quantity of 
thermoplastic material is necessary to implement the fixing. 

In addition, without any source of heat, the immediate solidification when 
vibrations cease and the impossibility of molten thermoplastic material falling 
between the hairs or on the head of the user are all important added 
advantages. 
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In all cases, the presence of tape 11 and the fact that it is compressed against 
the hairs together with the fixing elements 13 means that the thermoplastic 
material remains in position and forms connections with very small dimensions. 

In addition, the presence of tape 11 means that additional covers for protecting 
the user are not required. Once this connection phase is complete, tape 11 can 
be removed without leaving any glue on the hairs (Fig. 5), to complete the 
operation. 

In the case where the fixing elements are not made of thermoplastic material, 
the means of connection are activated using the systems described above. 

Where the means of connections consist of portions of thermoplastic material 
positioned in order on a suitable tape and destined to be joined with their 
respective fixing elements 13 of the extensions C, the aforesaid tape can be 
applied after the support tape 11 with the extensions C has been positioned on 
the hair of the user. 

The operator can easily superimpose the fixing elements 13 on the portions of 
thermoplastic material, conveniently positioning the tapes that can be removed 
and attached as necessary. 

Once in position, the tapes can be compressed together by means of a gripper 
unit 15, placing the tapes between the heated or vibrating pressure elements 16. 

In all cases, the two tapes contain the thermoplastic material, which adheres to 
the fixing elements and mixes with the hair of the user, connecting the 
respective extensions C to the head hair T. 

It is proposed that the dimensions of the fixing element and the portion of 
thermoplastic material can be reduced as required, without substantially 
influencing the capacity of the extensions of the assembly 12 of being connected 
to the respective head hairs. 

The considerations and variants of the application methods given above can be 
applied to the examples of assemblies produced as shown in Fig. 7 to 12, which 
represent a single portion of the assembly 12, which is repeated. 

With reference to Fig. 7, an assembly 12 is described where the fixing element 
13 consists of a rigid or semi-rigid disk, in a non-adhesive and non-thermoplastic 
material, but resistant to heat and vibration, like a normal plastic. It is intended 
that the form of a disk is simply an example; a plaque of any suitable form can 
be a fixing element. Various systems can be used for unifying the fixing element 
13 and the respective proximal extremities 2, such as adhesion (gluing or fusion) 
of a pair of semi elements that hold the hair or by an injection procedure that 
incorporates the extremities 2. 
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In this second method of implementation, the element 13 is adhered to the 
adhesive face 4 of the support tape and the means of connection are represented 
by a quantity 20 of glue or thermoplastic substances applied directly to the 
exposed surface 21 of the element 13. 

With reference to Fig. 8, a third example of an assembly 12 proposes a fixing 
element analogous to the preceding example, which is repeated in the fourth and 
fifth example. The second and third example for producing the assembly 12 are 
adapted by the method described above where the thermoplastic substance of 
the respective quantities 20, 22 are melted using heat or vibration. It is also 
proposed that a thermosetting material, semi-fluid and/or plastic at ambient 
temperature and solid after the application of heat can basically substitute this 
substance. 

The fourth production example (Fig. 9) has a quantity of glue 23 located on the 
disk-shaped fixing element 13, for example pressure activated, thermally 
activated or a type that hardens on exposure to air, such as a two-component 
resin. In the last case, a protective layer 24 that prevents the glue from coming 
into contact with atmospheric oxygen protects the fixing element 13. The use of 
the glue means that the use of heat or vibrations is no longer required, as will be 
indicated, and the application equipment and the respective pressure devices 
serve to position the support tape 11 and the extensions C. 

With reference to Fig. 10, a fifth example proposes the use of a fixing element as 
described in the previous examples and a means of connection consisting of an 
adhesive element 25, glue, thermoplastic or similar substance, arranged in order 
on the protective tape 14. In this case, the protective tape 14 helps in the 
application of the extensions C and is applied to the head hair T before the hair- 
extension connection. In the case where the glue is activated by air, an 
additional layer of protection is proposed. 

In the sixth and seventh examples of Fig. 11 and Fig. 12, the fixing element 13 
consists of a pair of semi elements 13a and 13b, suitable for being attached and 
trapping the hair of the head T. Finally, the semi elements will include a cavity 
26 for holding this hair. A semi element 13a is fixed to the proximal extremity 2 
of the extension C while the other 13b is positioned in order on the protective 
tape 14 and is applied according to the method in the preceding example. 

The means of connection consists of a thermoplastic substance or glue 28, in 
particular two-component glue or similar, protected by a suitable protective layer 
29. 

In the embodiment of Fig. 13 the fixing elements 13 consist of to layers 30 and 
31. The first layer 30 is fixed to the adhesive face 4 of the support tape 11. The 
hairs 3 are sandwiched mainly between the first layer 30 and the second layer 
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31. The second layer 31 has a lower melting point than the first layer 30 so that 
upon application of heat or ultrasonic energy only the second layer 31 will get 
soft to establish the connection with head hair. The distance d between the fixing 
elements 13 may be chosen appropriately as 1 mm to 3 mm. In the same order 
of magnitude is the width b of the fixing elements 13. 

The assemblies may be produced by hand by fixing the extensions on the 
support tape, but it is preferred to use machines for production. 

Figs. 14 and 15 show a preferred embodiment of a gripper device 15 for use in 
the method of the invention. The gripper device 15 comprises a handle 50 from 
which two jaws 46, 47 protrude. The first jaw 46 has a recess 48 in which a 
pressure element 49 is held. The fixed jaw 47 has a contact surface 40 made of 
resilient material to obtain uniform pressure for all extensions. 

The pressure element 49 can be heated by serpentine thermistors 41 to activate 
the connection means. The pressure element 49 is driven by a rod 43 which is 
engaged to a pinion 42 driven by an electric motor 44. The pressure element 49 
is pivotable with respect to the rod 43 to be able to adapt to extensions having 
different thickness. Alternatively the pressure element may be driven by 
hydraulic or pneumatic cylinders. 

The movement of the pressure element 49 can be controlled by an actuating 
button 45. The temperature of the thermistors 41, the pressure applied by the 
pressure element 49 and other parameters are controlled by a programmable 
control unit connected with the gripper device 15. 

From the description, it is proposed that this method of hair extension does not 
require any manipulation on the part of the operator and enables the formation 
of extension-hair connections with very small dimensions, considering that the 
pressure elements, with the presence of at least one tape, contain the material 
that enables the connection to occur. The resulting connections are very subtle, 
with finished edges, almost imperceptible. The only manual intervention is based 
on manipulating the device that is used to activate the connection. 

The dimensions of the connection are not subordinate to the fact that the 
thermoplastic material and the hair of the extension must forcibly surround the 
hair of the head hair, creating a connection point whose volume cannot be 
reduced below a certain limit. For example, in the above-cited Japanese patent, 
the simple fact that the hair of the extension must be wound around the hair of 
the head creates in itself a voluminous connection. 

According to the current invention, the dimensions of the connection point 
depend exclusively on the quantity of hair compressed within the extension - the 
more subtle the extension, the more subtle the connection. 
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The lack of manipulation therefore leads to the formation of uniform connections. 
Their optimal quality prevents disconnection due to, for example, penetration of 
water or similar. 

With this system, it is also possible to hide the extensions within the hair. Then, 
because it is possible to apply extensions equidistant to each other, additional 
extensions can be applied between them, with the possibility of obtaining 
consistent extensions within brief periods and to create complex streaks 
(highlights) by mixing in extensions with colors different to the hair of the user. 

This method reduces the quantity of thermoplastic material used, energy used 
for activation, no loss of heat and no contamination of the equipment or the 
connection device. 

In addition, as can be appreciated, the extension method described above and 
the related assembly of an extension, due to the possibility of using numerous 
application variations, allows the professional operator to make maximum use of 
their fantasy. 

In addition to the above described methods of adding extensions to hair, 
assemblies of extensions suitable for being used in the aforesaid method and the 
procedures for producing those assemblies, a technician in this field can 
implement numerous additional modifications and variations for the purpose of 
satisfying additional and complementary requirements, all of which are included 
within the protected field of the current inventions, as defined in the attached 
claims. 

Especially one skilled in the art will be aware that the shape of the fixing 
elements 13 may differ from that of the drawings and that the width of these 
elements may be the same as that of the extensions C or slightly bigger. Further 
the distance between the extensions C on the tape 11 may be chosen as 
appropriate. 
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Claims 

1. A method for increasing hair volume or length, comprising the following 
steps: 

- providing a plurality of extensions (C) comprising several hairs (3), 
which are connected by a fixing element (13), said extensions (C) 
being aligned and basically in parallel with their fixing elements (13) 
located on a support tape (11) having an adhesive face (11a); 

- adhering the adhesive face (11a) of the support tape (11) to head 
hair (T) and positioning the extensions (C); 

- connecting the extensions (C) with the head hair by attaching the 
fixing elements (13) to it. 

2. A method according to claim 1, wherein the extensions (C) of one support 
tape (11) are connected with the head hair simultaneously. 

3. A method according to one of the claims 1 or 2, wherein the extensions (C) 
are attached by activating connection means (22, 23, 25, 27, 28) which are 
provided on the fixing elements (13). 

4. A method according to one of the claims 1 or 2, wherein the extensions are 
attached by activating the fixing elements (13) which are connection means 
for connecting the extensions (C) with the head hair (T). 

5. A method according to one of the claims 3 or 4, wherein said connection 
means (13, 22, 23, 25, 27, 28) is activated by means of application of heat 
or ultrasonic energy. 

6. A method according to one of the claims 3 or 4, wherein mechanical energy, 
heat or ultrasonic energy is applied by means of a gripper device (15) with 
two pressure elements (16) which are elongated to apply a uniform 
pressure along the entire length of the tape (11). 

7. A method according to claim 6, wherein a gripper device (15) is used which 
has a fixed jaw (47) and a pressure element (49) which is moved by an 
actuation means (44) against said fixed jaw (47). 

8. A method according to claim 7, wherein the pressure element (49) of the 
gripper device (15) is pivotable to compensate for eventual differences in 
the thickness of the hair. 
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9. A method according to one of the claims 7 or 8, wherein the pressure 
element (49) of the gripper device (15) is driven by an electric motor (44). 

10. A method according to claim 3, wherein the said connection means (22, 23, 
25, 27, 28) consists of glue. 

11. A method according to claim 11, wherein the glue is activated by exposing 
to ambient air. 

12. A method according to one of the claims 1 to 11 wherein a protective 
tape (14) which is provided on said support tape (11) is removed before 
adhering the support tape (11) to the head hair (T). 

13. An assembly (12) for increasing hair volume or length comprising: 

- a support tape (11) having an adhesive face (4); 

- a plurality of extensions (C), comprising several hairs, which are 
connected by a fixing element (13) said extensions (C) being 
aligned and basically in parallel With their fixing elements (13) 
located on the support tape (11); 

- connecting means (22, 23, 25, 27, 28) which are provided on the 
fixing elements (13) to connect the extensions (C)to head hair (T). 

14. An assembly (12) for increasing hair volume or length comprising: 

- a support tape (11) having an adhesive face (4); 

- several extensions (C), comprising several hairs, which are 
connected by a fixing element (13) said extensions (C) being 
aligned and basically in parallel with their fixing elements (13) 
located on the support tape (11), said fixing elements (13) being 
connecting means to connect the extensions (C) to head hair (T). 

15. An assembly (12) according to one of the claims 13 or 14, wherein said 
support tape (11) is transparent. 

16. An assembly (12) according to one of the claims 13 to 15, wherein the 
fixing elements (13) are made of a thermoplastic material. 

17. An assembly (12) according to claim 16, wherein the thermoplastic material 
is made of a polyester and/or polyamide and/or polyurethane. 
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18. An assembly (12) according to one of the claims 13 to 17, wherein a 
protective tape (14) is provided on said support tape (11) to be removed 
before adhering the support tape (11) to the head hair (T). 

19. An assembly (12) according to one of the claims 13 to 18, wherein the 
support tape (11) is resistant to heat. 

20. An assembly (12) according to one of the claims 13 to 19, wherein the 
fixing elements (13) include the decorative elements. 

21. An assembly (12) according to one of the claims 13 to 20, wherein the 
adhesive face (4) of the support tape (11) is based upon an adhesive of a 
non-permanent and revisable type operated by pressure and with an 
adhesive force on the support tape (11) greater than that produced on the 
thermoplastic material of the fixing elements (13). 

22. An assembly (12) according to one of the claims 13 to 21, wherein the 
connecting means (22, 23, 25, 27, 28) comprises an adhesive substance 
comprised of a thermoplastic material, thermosetting material, heat- 
activated glues or glues activated by exposure to air. 

23. An assembly (12) according to one of the claims 13 to 22, wherein the 
fixing elements (13) are arranged along a straight line with spaces between 
them on the support tape (11). 

24. An assembly (12) according to one of the claims 13 to 23, wherein the hair 
of the extensions (C) is of different color than that of the head hair (T). 

25. An assembly (12) according to one of the claims 13 to 24, wherein the 
fixing elements (13) consist of plates having at least layers of plastic with 
different melting points. 
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